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PHOSPHAZOLE-CONTAINING NUCLEOSIDE ANALOGS, RELATED COMPOUNDS. PHARMACEUTICAL COMPO- 
SITIONS THEREOF, AND THEIR USE IN IN VITRO MEDICINAL TREATMENTS 



BACKGROUND OF THE INVENTION 



The present invention generally relates to organic compounds in which a 
10 non-natural heteroatom is part of a 5 -member ring, and particularly of 
. nucleo-bases and their-..- analogs comprising such 5-membered rings. More 
particularly, the invention relates to such compounds wherein phosphorus is a 
heteroatom. 

15 nf»flrr-mr.io^ of the, Related Art 

Phosphorus is not found free in nature, it always occurring in the 
fully oxidized state as phosphate. It is widely distributed in the phosphate 
form in all living cells, and plays a vital role in life processes such as 
energy storage and utilization in the form of nucleoside triphosphates. 

20 There is no known organism in which the chemistry of phosphorus is not 
utilized. The highly polymerized phosphate esters (such as are found in 
nucleic acid polymers, DNA or RNA) are the normal constituents of all cells. 
Although phosphorus is present in all nucleic acids as the oxidized phosphate 
form, the presence of phosphorus as a hetero atom replacing nitrogen in the 

25 purine base of nucleic acids, for example, is not yet known. 

Several phosphono pyrimidine /purine nucleosides in which the phosphono 
group is attached directly to a carbon atom of the heterocycle, but not 
incorporated into the heterocyclic ring, have been reported (1, 2) . Diethyl 
6-chloro-9- (p-D-ribofuranosyl) purine -8 -phosphate, having the following 

30 structural formula (compound 1) : 



SUBSTITUTE SHEET (RULE 26) 
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OH OH 
1 



exhibits significant activity against vaccinia, vesicular stomatitis and 
coxsackie B4 viruses in culture. This compound is also inhibitory to the 
proliferation of the murine leukemia (L1210), murine mammary carcinoma (FW3A), 
human B-lymphoblast (Raji) and human T-lymphoblast (Molt-4F) tumor cell, lines 
in culture (1) . 

The synthesis of 1, 3-benzazaphosphole, having the following structural 
formula (compound 2): 

CO 

2 

is described by Issleib et al. (3). 1, 3-Azaphospholo [ 1, 2-a) pyridine and 1,2,4- 
diazaphospholo[l,5-a] pyridine have also been synthesized (4). These studies 
have shown that such condensed systems containing trivalent phosphorus are much 
more stable than had been previously known. They are not attacked readily by 
dilute mineral acids and alkalies (3). Further, 3-methyl-l, 3-benzazaphosphole, 
prepared by alkylation of the lithium salt of 1, 3-benzazaphosphole with methyl 
iodide, and having the following structural formula (compound 3) is stable. 




I 

CH 3 

3 

A single crystal X-ray diffraction analysis of 1, 5-dimethyl-l, 2, 4, 3- 
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triazaphospholine, which has the following structural formula (compound 4) : 



a Pti-Ntt electron delocalized system in 1, 5-dimethyl-l,2, 4, 3-triazaphosphole (5). 

The synthesis of l-p-D-ribofuranosyl-1,2, 4-lambda-3-diazaphosphole-3- 
thiocarboxamide, and its effect against L1210 in mice is described by Riley et 
al. (115). ... _ - 

Conventional nucleo-base analogs have previously been evaluated for their 
toxicity to normal cells as well as for specific therapeutic efficacy against 
certain tumors or viruses, for example, using assay systems based on the 
inhibition of cytokines such as TNFa or IL-ip, as well as HCMV inhibition, among 
other methods. For the purposes of this disclosure a "nucleo-base" means 
adenine, guanine, thymine, cytosine or uracil. 

Tumor necrosis factor alpha (TNFa) . 

Tumor necrosis factor alpha (TNFa) , a mononuclear phagocytic cell derived 
protein, was originally described as a product of activated macrophages and 
shown to display tumoricidal activity (6-9). Extensive research during the last 
few years has made it apparent that TNFa is a highly pleiotropic cytokine (10) 
and may play a role in tumorigenesis, septic shock, multiple sclerosis, 
cachexia, inflammation, autoimmunity, and other immunological and pathological 
reactions (11) . There are two forms of TNFa, a type II membrane protein of 
relative molecular mass 26,000 (26 kDa) and a soluble, 17 kDa form generated 
from the cell-bound protein by proteolytic cleavage. Several different types 




l 3 



shows that both of the P-N distances in that molecule are identical, suggesting 
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of tumors have been described in which TNFa acts as an autocrine growth factor, 
including leukemias, ovarian tumors, renal cell carcinoma, breast 
adenocarcinoma, neuroblastoma, and glioblastoma (12-16). These tumors express 
TNFa and its receptors and furthermore proliferate in response to the cytokine. 
Agents that can block the production of TNFa in these different tumor cell 
types may have potential as antitumor agents. 

Cytokines such as TNFa and interleukin-ip (IL-lfM also play a central 
role in the regulation of the immune system and they have been implicated in 
inflammatory processes as well as in the pathogenesis of many diseases (17, 
18). TNFa, first associated with tumor regression and with cachexia 
accompanying chronic invasive diseases, is now established as an immune 
modulator in normal and chronic inflammation situations as well as with septic 
shock (19). Deregulated production of TNFa in humans is thought to contribute 
to the development of diseases such as cancer-associated cachexia (20) , 
endotoxic shock (21), graft versus host disease (22), autoimmunity (23) and 
rheumatoid arthritis (24, 25). Therefore, agents that can inhibit the 
production or maturation of TNFa and XL-ip in these different indications may 
have excellent therapeutic potential. 

Since the role of TNFa and IL-0 in the development of the septic shock 
syndrome and other ailments has been recognized (26), attempts have been made 
to suppress the production of these pathogenetic factors. Phosphodiesterase 
(PDE) inhibitors (27) are potential agents for blocking the cytokine pathway 
due to their ability to suppress TNF production via elevation of intracellular 
adenosine 3',5'-cyclic phosphate (cAMP) (28). The suppression of TNFa 
production by adenosine and certain xanthine derivatives (e.g. pentoxifylline) 
(29) by inhibition of PDE activity has recently been demonstrated (30) . 
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Human cytomegalovirus (HCMV) . 

Cytomegalovirus (CMV) is the largest and perhaps the most complex member 
of the herpesviridae family (31, 32). Infections with human cytomegalovirus 
(HCMV) are common and usually asymptomatic; however, the incidence and spectrum 
5 of disease in newborns and immunocompromised hosts establish this virus as an 
important human pathogen (33). HCMV infection has been detected in 0.5 to 2.5% 
of newborn infants and is the most common identified cause of congenital 
infection (34) . Symptomatic infants (5-10% of infected infants) can die of 
complications within the first months of life but more commonly experience 

10 permanent neurological damage ~(35)..*, Infections- due to HCMV- also represent a 
significant complication in bone marrow or organ transplant recipients (36, 
37) . For example after allogeneic bone marrow transplant, HCMV infections 
occur in approximately 60 to 70% of bone marrow recipients who were HCMV 
seropositive before transplantation or who were seronegative but received bone 

15 marrow from a seropositive donor. In either instance, the principle post- 
operative cause of death in this patient population is interstitial pneumonia 
developed from the active HCMV infection (38). Despite the development of new 
treatment regimens using antiviral drugs or human hyperimmune therapy, CMV 
pneumonia still has a fatality rate of approximately 50% (39-41). 

20 One of the most widely used drugs today for HCMV infections is 

ganciclovir (DHPG) (42-44). Ganciclovir is a potent inhibitor of most human 
and animal herpes viruses in culture whereas much higher concentrations are 
needed to inhibit cell growth of normal cells. However, DHPG is toxic to bone 
marrow progenitor cells in culture which was predictive of DHPG's adverse 

25 effects in vivo in that most clinical toxicity is myelosuppression (45) . This 
problem is most apparent in patients in need of long-term therapy such as those 
with AIDS, CMV retinitis and transplant recipients. Another concern for 
patients on long-term DHPG therapy is the development of DHPG-resistant strains 
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of HCMV (46, 47). The second anti-HCMV drug approved for use against HCMV 
retinitis in AIDS patients is foscarnet (PFA) . This compound is a broad 
spectrum antiviral agent with observed activity against all known human 
herpesviruses (48). However, treatment with foscarnet has resulted in 
5 nephrotoxicity, hypocalcemia, and seizures in some patients (49) • Therefore, 
additional efficacious, non-toxic drugs for use against HCMV infections are 
needed. 

SUMMARY OF THE INVENTION 
A novel class of compounds herein designated as "phosphazoles" is 

10 provided by- the-present invention, in which -the trivalent phosphorus (P) is an 
integral part of the 5-member ring of a nucleo-base or of a related azole. 
Five different types of P-containing heterocyclic rings are disclosed: 1,3- 
azaphospholo [ 4 , 5-d] pyrimidine, 1 , 3-a zaphospholo [ 5 , 4-d] pyrimidine , phospholo [2,3- 
d]pyrimidine, 1, 3-azaphospholo [4, 5-d]-v-triazine and 1, 3, 2-diazaphospholo [4, 5- 

15 d] pyrimidine and representative compounds containing each of these rings are 
also disclosed. Certain preferred compounds of the present invention are 
nucleo-base analogs and the corresponding nucleosides/nucleotides bearing N- 
glycosyl or P-glycosyl substituted rings. Other preferred compounds are 
acyclic N-alkyl and P-alkyl substituted nucleo-base analogs. Applicant believes 

20 that this application is the first mention of P-substituted nucleo-base 
compounds . 

Methods of making the phosphazoles of the present invention are 
disclosed. Certain preferred methods include synthetically introducing a P 
heteroatom into the imidizole ring of a purine nucleo-base; or synthetically 
25 introducing the P heteroatom into the pyrrole ring of a nucleo-base analog; or 
introducing a P heteroatom into a 1, 2, 3-triazole ring of a nucleo-base analog 
in piace of a N atom. 

Representative compounds of the present invention exhibit significant in 
vitro inhibition of TNFa and IL-lfJ production in THP-1 cells and PBMCs . 

6 
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Representative compounds of the present invention also exhibit in vitro 
antiviral activity against HCMV. 

Compounds of the present invention, or pharmaceutical compositions 
thereof, provide a new class of phosphorus containing heterocyclic compounds, 
and the corresponding nucleosides/nucleotides that will find widespread 
application in medical, agricultural and industrial use similar, or superior, 
to the known analogous compounds not containing a phosphorus in the 
heterocyclic ring. Other features and advantages of the present invention 
will be apparent from the following description of the presently preferred 
embodiments, -together with the~'accompanying Tables and Figures." 

BRIEF DESCRIPTION OF THE FIGURES 

Figures 1A and IB shows the in vitro toxicity and efficacy, respectively, 
of the adenine analog, compound 10 in THP-1 cells stimulated with LPS. 

Figure 2 shows percent inhibition of TNFa production by LPS stimulated 
THP-1 cells by the adenine analog (compound. 10), and N-pentenyl derivative of 
the adenine analog [compound 21, R = (CH 2 )<CH 3 ] compared to HWA-3138, a xanthine 
analog control compound. 

Figure 3 shows the results of time of addition of compound 10 on TNFa 
production in LPS-stimulated THP-1 cells in culture. 

Figure 4 is a graph showing the relative quantities of intracellular and 
extracellular TNFa before and after addition of compound 10 to LPS-stimulated 
THP-1 cells in culture. 

Figures 5A and 5B shows the long-term effects of compound 10 on TNFa 
production after a single treatment, compared to HWA-3138, a xanthine analog 
control compound. 

Figure 6 is a bar graph showing the inhibition of IL-ip production in 
THP-1 cells stimulated with LPS by certain phosphazoles and compared to HWA- 
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3138, a xanthine analog control compound. 

Figure 7 shows the relationship of time of addition of compound 10 on IL- 
1P production in LPS-stimulated THP-1 cells. 

Figure 8 is a graph showing the relative amounts of extracellular and 
intracellular IL-10 before and after addition of compound 10 to LPS-stimulated 
THP-1 cells. 

Figure 9A shows the toxicity of compound 10 on MRC-5 cells In vitro. 
Figure 9B shows the inhibitory effect of compound 10 on HCMV-induced 
plaques in static MRC-5 cell cultures. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
The new class of compounds of the present invention, called 
"phosphazoles" are substituted pyrimidine fused derivatives of three 5~member 
heterocyclic rings (compounds 5, 6 and 7), wherein 




trivalent phosphorus (P) is an integral part of the heterocycle. Among the 
preferred embodiments of the present invention are compounds having P 
introduced into a nucleo-base or related heterocycle and the corresponding 
nucleoside, nucleotide or 3', 5' -cyclic nucleotide, or analogs thereof. 
Phosphazoles can be used in pharmaceuticals or in industrial or agricultural 
applications, similar to other nucleo-base analogs, with some embodiments of 
this class being equivalent or superior to known nucleo-base derivatives or 
related compounds. 

The following examples are offered by way of illustration only and are 

not intended to limit the scope of the invention in any manner. The methods of 

8 
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the invention being as readily applicable to any substitution of a heterocycle 
containing a phosphorus atom in the ring system. 

I_. Synthesis of Phosphazoles Based on the 1 , 3-Azaphospholine Moiety 

5 Example 1. Modified Imidizole Ring (1 , 3-Azaphospholine) 

The fundamental 1, 3-azaphospholine ring was formed by substituting 
phosphorus for the oxygen atom in a suitable starting material such as 5- 
aminooxazole-4-carbonitrile (compound 8) . The 5-aminooxazole-4-carbonitrile 
(compound 8), was prepared according to the method by Ferris and Orgel (50). 

10 Treatment of 5-amlnooxazole-4-carbonitxii-€r-^( compound 6) with tris (trimethyf- 
silyl)-phosphine (TTP) (51) in the presence of naked fluoride ion, such as a 
mixture of 18-Crown-6/KF (commercially available from Aldrich Chemical Co., 
Milwaukee, WI 53233) in anhydrous toluene at reflux temperature gave the key 
intermediate, 4-amino-l/f-l, 3-azaphospholine-5-carbonitrile (compound 9) in a 

15 modest yield. The preparation of compound 9 is described in more detail as 
follows : 

Preparation of 4-Amino-lH-l ,3-azaphosphoiine-5-carbonitrile (compound 9) 

Dry argon was bubbled for 5 min into a suspension of 18-crown-6 (50 mg) 
and dry potassium fluoride (3.5 g, 60 mmol) in dry toluene (110 raL) . To this 

20 suspension, tris ( trimethylsilyDphosphine (51) (21.0 mL, 72.3 mmol) and 5- 
amino-oxazole-4-carbonitrile (50) (compound 8, 6 g, 61.8 mmol) were added 
and the mixture was heated under reflux for 14 h under an argon atmosphere. 
The reaction mixture was allowed to cool to room temperature and methanol (75 
mL) was added under an argon atmosphere. After stirring for 2 h, the pH of 

25 the solution was adjusted to 5. Silica gel (50 g) was added and after 
stirring for 2 h, the solvents were evaporated to dryness under reduced 
pressure. The dry powder was placed on a silica gel column (4 x 10 cm) . The 
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column was flash eluted with hexane containing 0-20% ethyl acetate. Eluate 
containing the desired product was evaporated to yield 1,75 g (23%) of white 
powder. Ir (KBx) : v 640 (=P-C) , 1200 (-P=CH) , 2205 (CN) , and 3280-3440 (NH, 
NH2) cm" 1 . 31 P nmr (CDCI3) : 8 72.17. *H nmr (DMSO-d6) : 5 5.75 ( br, 2 H, 
5 Ntf2), 8 -00 (dd, .1 H, C2H) , and 12.25 (br s, 1 H, Ntf ) . Anal. Calcd. for 
C4H4N3P: C, 38.41; H, 3.22; N, 33.60; P, 24.76. Found: C, 38.73; H, 3.19; N, 
33.27; P, 24.51. 

The phosphorus (P) atom was introduced into the heterocycle in place of 
the oxygen (0) by a ring- opening and . recyclization mechanism. This ring- 
10 opening and recyclization reaction is believed to be facilitated by the 
presence of a nitrile function at the meta position to the ring oxygen, as 
indicated in the steps shown below. 



15 



20 




The ring-opening involves the initial formation of the oxazolium zwitterion (A) 
by the reaction of compound 8 and the naked fluoride ion, generated by 18- 
25 crown- 6/KF. Nucleophillic attack on the tertiary carbon atom of the oxazolium 
zwitterion (A) by the tris ( trimethylsilyl ) phosphine gives the intermediate (B) . 

10 
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This should be followed by a ring-opening to form the unstable phosphonium salt 
(C), which readily recyclizes into compound 9 with the separation of 
hexamethyldisiloxane. The compound, 4-amino-ltf-l, 3-azaphospholine-S- 

carbonitrile {compound 9), is obtained as a stable, light yellow amorphous 
5 powder. From this key intermediate compound numerous compounds are 

synthesized, the preferred embodiments of which are described below. 

Example 2. Adenine Analog (T70241, compound 10) 

4-Amino-ltf-l, 3-azaphospholine-5-carbonitrile from Example 1 is reacted 
10 with formamidine acetate in ethanol at —reflux temperature to form the ring 
annulated product 7-amino-lH-l, 3-azaphospholo[4, 5-d]pyrimidine (the adenine 
congener, compound 10) : 



15 




9 

10 

(T70241) 



Preparation of 7-Amino-lH-l , 3-azaphospholo [4 , 5-d]pyrimidine (compound 10) 

To a solution of 4-amino-ltf-l, 3-azaphospholine-5-carbonitrile 

20 (compound 9, 0.7 g, 5.6 mmol) in absolute ethanol (50 mL) was added 
formamidine acetate (1.16 g, 11.2 mmol) and the mixture was heated under 
reflux for 1.5 h. The product that precipitated after cooling was collected 
by filtration. The filtrate was evaporated under reduced pressure, the 
residual solid was dissolved in methanol (10 mL) and impregnated onto silica 

25 gel (10 g) . The solvent was evaporated and the dry powder was loaded on a 
silica gel column (2 x 10 cm) . The column was flash eluted with 
dichloromethane containing 0-8% methanol. Eluate containing the desired 
product was evaporated and the residue was combined with the solid obtained 
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previously. Crystallization of the combined solid from aqueous ethanol gave 
0,72 g {84.5%) of the product, mp >300 °C; Ir (KBr) : v 720 (=P-C) , 1215 
(-P=CH), and 3100-3440 (NH, NH2) cm" 1 . Uv (H2O) ; Xjnax244 nm (e 27, 500), 

and 304 (6900); 31 P nmr (DMSO-d6) : 674,52. X H nmr (DMSO-d6) : 5 7.13 ( s, 
2 H, KHz), 8.19 (s, 1 H, C5/f), 8.91 (d, 1 H, C 2 H) , and 12.50 (br s, 1 H, NH) . 
Anal. Calcd. for C5H5N4P: C, 39.48; H, 3.31; N, 36.84; P, 20.36. Found: C, 
39.86; H, 3.25; N, 36.53; P, 20.32. 

Exanple 3. Hypoxan thine Analog (compound 12) 

Hydrolysis of the nitrile function of 4-amino-ltf-l, 3-azaphospholine-5- 
carbonitrile (compound 9), from Example 1, is carried out by treatment with 
0.1N aqueous NaOH at gentle reflux for 5 hours to obtain 4-amino-lH-l, 3- 
azaphospholine-5-carboxamide (compound 11). The procedure is described in more 
detail , as follows: 

Preparation of 4-Amino-lH-l , 3-azaphospholine-5-carboxamide (compound 11) 

A suspension of 4-amino-ltf-l, 3-azaphospholine-5-carbonitrile (compound 
9, 0.5 g, 4 mmol) in aqueous sodium hydroxide solution (28 mL, 0.11 N) was 
heated at 110 °C (oil bath temp) for 6 h. The reaction mixture was allowed 
to cool to room temperature and then cooled in an ice bath. The pH of the 
solution was adjusted to 6.8 (using 2 N hydrochloric acid) during which 
time some product precipitated. The flask was kept in the refrigerator 
overnight and the solid product was collected by filtration and dried to 
yield 0.4 g ( 70 %) of the product, mp 184-186 °C; Ir (KBr): v 3185-3445 
(NH, NH2), and 1720 (0=0) cm" 1 . *H nmr (DMSO-d6) : 8 6.25 (br s, 2 H, NH2) / 
6.94 ( s, 2 H, CONH2), 7.65 (dd, 1 H, C2H) , and 11.51 (br s, 1 H, Nff) . Anal. 



12 
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Calcd. for C4H6N3OP: C, 33.57; H, 4.23; N, 29.37; P, 21.65. Found: C, 33.68; 
H, 4.05; N, 28.83; P, 21.38. 



5 




Compound 11 is then fused with formamide to form the hypoxanthine analog, 1,3- 
azaphospholo[4,5-d]pyrimidin-7(ltf,6tf)-one (compound 12) using the following 
procedure. A mixture of 4-amino-ltf-l, 3-azaphospholine-5-carboxamide (compound 
11, 0.36 g, 2. 5 mmol) and formamide (0.5 mL, 12.5 mmol) in a 5 mL pear 

15 shaped flask was placed in a preheated oil bath at 185 °C for 45 min. The 
flask was allowed to cool to room temperature. The solid thus obtained was 
triturated with cold water (5 mL) . The solid was collected by filtration and 
crystallized from aqueous ethanol to yield 0.3 g (78 %) of the title 
compound, mp > 300 e C. Ir (KBr) : v 710 (=P-C) , 1170 and 1200 (-P=CH) , 

20 1650 (C=0), and 2860-3080 <NH, NH2 ) cm" 1 . Uv (MeOH) : Amax 244 nm (e 43, 300), 
and 274 (6200). 31 Pnmr (DMSO-d6) : 6 85.54; 1 Hnmr (DMSO-de) : 6 7.90 (s, 
1 H, C$H) , 8.66 (dd, 1 H, C2H) , 12.22 (br s, 1 H, HH) , and 13.32 (br s, 1 H, 
Ntf) . Anal. Caicd. for C5H4N3OP: C, 39.23; H, 2.63; N, 27.45; P, 20.23. Found: 
C, 39.39; H, 2.75; N, 27.08; P, 20.02. 

25 



13 
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This hypoxanthine analog (compound 12) was found to be identical to the 
one obtained by deamination of adenine analog (compound 10) with aqueous 
nitrous acid. 

5 Exanple 4. Xanthine Analog (compound 13). 

4-Amino-lH-l, 3-azaphospholine-5-carboxamide (compound 11) , from Example 3, 

is fused with urea at 160 °C for 45 min to obtain the xanthine analog 1,3- 

azaphospholo[4, 5-d] pyrimidine-5,7 [1H, 4fl, 6H)-dione (compound 13), by the 

following procedure: 

10 - ■ - 

Preparation of 1 , 3-Azaphospholo [4 , 5-d]pyrimidine-5 , 7 (1H, 4H, 6H) 
-dione (compound 13) 

A finely powdered mixture of 4 -amino- Iff- 1, 3-azaphospholine-5- 

carboxamide (compound 11, 2.14 g, 14.96 mmol) and urea (4.29 g, 71.43 mmol) 

15 was placed in an open round bottom flask. The flask was immersed up to the 

neck in a preheated oil bath at 160 °C with efficient stirring. Heating was 

continued until the starting material (compound 11) was consumed (TLC on 

silica gel plate using Ch^C^tMeOH, 85:15, as developing solvent). The 

reaction mixture was cooled to 25 °C and sonicated with cold water (25 mL) 
20 for 1 h. The precipitate was collected by filtration, washed thoroughly 
with cold water (3 x 10 mL) . The solid was suspended in hot (80 °C) water 
(25 mL) and 0.1 N NaOH was added dropwise until a clear solution was 
obtained. The solution was filtered and the pH of the filtrate was adjusted 
to 6 with acetic acid. The solid that separated was collected by 
25 filtration, washed with ice cold water (5 x 15 mL) , followed by ethanol (3 x 
15 mL) and dried at 100 °C under vacuum for 15 h to yield 2.16 g (85%) of 
the title compound, mp > 300 °C. Uv (MeOH) : Xmax 242 nm (e 39, 300), 276 
(920C>), and 300 sh (4000). 1 H nmr (DMSO-c?6) s 8 8.43 (d, 1 H, J = 43.5 Hz, 
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C 2 H), 11.07 and 11.21 (2s, 2 H, 2NW) . Anal. Calcd. for C5H 4 N 3 0 2 P- 0. 5H 2 0: C, 
33.72; H, 2.83; N, 23.59; P, 17.39. Found: C, 33.72; H, 2.62; N, 23.50; P, 
17.61. 



II H 
H 2 N^P 




11 



Exanple 5. 6-Thiopurine Analog (conpound 15). 

The hypoxanthine analog from Example 3 is reacted with POCl 3 at reflux 
temperature for 50 min to form 7-chloro-lH-l, 3-azaphospholo [4, 5-d]pyrimidine 

(compound 14) . Reaction of compound 14 with thiourea in boiling ethanol 
produced the 6-thiopurine analog 1, 3-azaphospholo [4, 5 -d] pyrimidin-7 (lif, 6H)- 

thione (compound 15). Compounds 14 and 15 are prepared as follows: 

Preparation of 7-Chloro-lH-l , 3-azaphospholo [4 , 5- d]pvrimidine (compound 14) 

A mixture of 1 , 3-azaphospholo [ 4 , 5-d] pyrimidin-7 ( 1H, 6H) -one ( compound 
12, 5.0 g, 32.66 ramol) and phosphorus oxychloride (125 mL) was heated under 
reflux with stirring for 50 min under an argon atmosphere. The reaction 
mixture was cooled to room temperature and unreacted phosphorus oxychloride 
was removed under reduced pressure at 25 °C. The residual syrup was cooled to 
0 °C and carefully neutralized with 2 N aqueous ammonium hydroxide. The 
precipitate formed was collected by filtration, washed with cold water (2 x 
25 mL) and dried over P2O5 under vacuum, first at 25 C C and then at 100 °C. 
The dry solid was crystallized from acetonitrile to yield 2.73 g (49%) of the 
title compound, mp > 300 °C (became black at 190 °C) . X H nmr (DMSO-d 6 ) : 8 
8.81 (s, 1 H, C5«r 9.36 (dd, 1 H, J C 2H, NH = 4.8 Hz, J C 2H, P = 39.4 Hz, 
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C2#), and 13.68 (br s, 1 H, N/f) , Anal. Calcd. for C5H3CIN3P: C, 35.02; H, 
1.76; CI, 20.67; N, 24.50; P, 18.05. Found: C, 35.36; H, 2.08; CI, 21.10; N, 
24.21; P, 17.78. 

5 Preparation of 1 , 3-Azaphospholo [4 , 5-d)pyrimidin-7 (IB, €H) -thione 
(compound 15) 

A mixture of 7-chloro-ltf-l, 3-azaphospholo [4 , 5-d]pyrimidine (compound 
14, 0.23 g, 1.33 mmol) , thiourea (0.15 g, 2.0 mmol) and absolute ethanol (10 
mL) was heated under reflux for 90 min with stirring under anhydrous 

10 conditions. The reaction mixture was cooled to 25 *C and then the solvents- 
was evaporated in vacuo. The residue was sonicated with ice-cold water (10 
mL) and the precipitate was collected by filtration, washed with cold water 
(3 x 5 mL) and dried over P2O5 in vacuo first at 25 e C and then at 100 °C to 
yield 0.12 g (55%) of the title compound, mp > 300 °C. Ir (KBr) : v 710 (=P- 

15 C), 1170 and 1200 (-P=CH) , 1580 (C=S) , and 3280 (NH) cm" 1 . Uv (MeOH) : 

Xroax230 nm (e 19,400), 276 (9400), and 338 (17,200). X H nmr (DMSO-d6) : & 
8.11 (s, 1 H, C 5 H), 8.93 (dd, l H, Jc2H,NH - 5.4 Hz, J C 2H, P - 39.6 Hz, C 2 H) , 
13.15 (s, 1 H, NJf), and 13.82 (s, 1 H, NH) . Anal. Calcd. for C5H4N3PS • H 2 0: 
C, 32.08; H, 3.23; N, 22.45; S, 17.13. Found: C, 32.39; H, 3.61; N, 22.54; S, 

20 17.40. 
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Exasple 6. Guanine Analog (compound 18). 

The guanine analog 5-amino-l, 3-azaphospholo [4, 5-d] pyriioidin-7 <1H, 6H)-one 
(compound 18) is obtained from the amino- carboxamide analog of Example 3 by 
reacting with benzoylisothiocyanate to form 4- (N' -benzoyl thiocarbonyl) amino-lH- 
l,3-azaphospholine-5-carbox-amide (16), which is then reacted with CH 3 I in 0.1N 
NaOH solution' to give 4- (N' -benzoyl-S-methylisothiocarbamoyl) amino-lH-1, 3- 
azaphospholin-5-carboxamide (17), which in the presence of ammonia, forms the 
guanine analog (compound 18). The preparation of compounds 16-18 are described 
in more detail as follows: 



Preparation of 4- (N 1 -Benzoyl thiocarbonyl) amino-lH-1 , 3-azaphospholine-5- 
carboxamide (compound 16) 

4-Amino-lH-l,3-azaphospholine-5-carboxamide (compound 11, 0.95 g, 6.64 
mmol) was dissolved in a mixture of ethanol (15 xnL) and water (7.5 jriL) at 75 
°C. The resulting solution was cooled to 35 °C. Benzoylisothiocyanate (1.79 
g, 10.97 mmol) was added dropwise under an argon atmosphere with stirring. 
The mixture was stirred at room temperature for 2 h and the precipitate was 
collected by filtration, washed with water (3 x 15 mL) and then with cold 
ethanol (10 mL) . The solid was dried over P2O5 in vacuo, first at 25 *C (8 
h) and then at 80 °C (24 h) to yield 2.01 g (99%) of the title compound, mp 
> 300 °C. 1 H nmr (DMSO-d 6 ) : 5 7.50-7.66 (m, 5 H, m, p-protons of benzoyl and 
CONJ/2), 7.97 (d, 2 H, o-protons of benzoyl), 8.15 (dd, 1 H, Jc2H,NH ■ 5 - 4 
Hz, J C2 H,P - 39.0 Hz, C 2 « , 11.31 (s f 1 H, NH) , 12.57 (s, 1 H, M) , and 
14.55 (s, 1 H, NH) . 

Preparation of 4- (N' -Benzoyl -S-methvli so thiocarba moyl) amino-lK-1 , 3- 
azaphospholine-5-carboxamide (compound 17) 

To a solution of 4- (N 1 -benzoyl thio carbamoyl) amino-ltf-1, 3-azaphospho- 
line-5-carboxamide (compound 16, 0.918 g, 3.0 mmol) in 0.1 N sodium 
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hydroxide (115 mL) was added iodomethane (0.205 mL, 3.30 romol) dropwise at 25 
# C. The mixture was stirred at 25 °C for 3 h, then cooled to 0 *C and 
acidified to pH 6 with acetic acid. The mixture was extracted with ethyl 
acetate (5 x 75 mL) . The combined ethyl acetate extracts were dried over 
anhydrous sodium sulfate and concentrated to 25 mL under reduced pressure and 
allowed to stand at 25 C C for crystallization to occur. The crystalline 
material was collected by filtration and dried to give 0.21 g (22%) of the 
title compound, mp > 250 °C(dec). x h nmr (DMSO-d6) : 8 2.62 (s, 3 H, 

SCH3), 7.47-7.64 . (m, 5 H, . benzoyl) , 7 . 84 — { s, 2 H, CON/j 2 ) , 8.39 (m, 1 H, C2H) , 
12.44 (d, 1 H, Ntf), and 12.70 (br s, 1 H, UH) . 

Preparati on of 5-Amino-l , 3-azaphospholo [4 , 5-d3pyrimidin-7 <1H, 6H) one 
(compound 18) ! 

A mixture of 4- (N • -benzoyl-S-methylisothiocarbamoyl ) amino-l#-l, 3- 

azaphospholine-5-carboxamide (compound 17, 2.0 g, 6.24 mmol) and 2% ammonia 
in dimethyl formamide (60 mL) was placed in a closed steel reaction vessel and 
heated at 130 °C with stirring for 16 h. The mixture was cooled to 25 °C, 
diluted with methanol (50 mL) and stirred in an open flask for 1 day. A 
white solid that separated from the reaction mixture was collected by 
filtration, washed with cold methanol (3 x 5 mL) and dried in vacuo at 100 
°C. The dry solid was dissolved in 2 N NaOH, filtered and the filtrate was 
acidified to pH 6 with glacial acetic acid to give a white precipitate. The 
precipitate was collected by filtration, washed with cold water (3 x 15 mL) , 
followed by acetone (2 x 5 mL) and dried in vacuo at 100 °C to yield 0.50 g 
(48%) of the title compound, mp > 300 °C. Ir (KBr) : v 690 (=P-C) , 1170 and 
1230 (-P=CH), 1690 (O=0), and 3170-3320 (NH2 ) cm" 1 . Uv (MeOH) : Xmax240 

nm (e 26, 900) and 276 (6850). l H nmr (DMSO-d 6 ) : 6 6.15 (br s, 2 H, N*2> / 
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8.38 (dd, 1 H, C2tf), 10.95 (br s, 1 H, CONtf) , and 12.76 (br s, 1 H, UH) . 
Anal. Calcd. for CsHs^OP- 0. 5H20: C, 33.90; H, 3.41; N, 31.63; P, 17.49. 
Found: C, 34.07; H, 3.34; N, 31.31; P, 17.07. 




Ex ample 7. 6-Thioguanine Analog (confound 19b). 

The guanine analog from Example 6 is heated under reflux with P0C1 3 at 
140 °C for 50 min to form 5-amino-7-chloro-l, 3-azaphospholo [4 , 5-d] pyrimidine 
(compound 19a) , which on reaction with thiourea in boiling ethanol produced the 
6-thioguanine analog 5-amino-l, 3-azaphospholo [4, 5-d] -pyrimidin-7 (1H, 6H)-thione 
(compound 19b) . 




a) X = CI 

b) X = SH 
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Example 8. Preparation of 1,4, 6-Trimethyl-l ,3-azaphospholo [4 , 5-d3pyrimidine- 
5,7-dione (Caffeine Analog) (compound 20) 

A suspension of 1 , 3-azaphospholo [ 4 , 5-d] pyrimidine- 5 , 7 ( 1H, AH, 6H) -dione 
(confound 13, 0.2 g, 1.18 mmol ) in DMF (5 mL) and N, W-dimethylf ormamide 
dimethyl acetal (15 mL) was heated at 80 # C for 55 h under anhydrous 
conditions. After cooling to room temperature the insoluble material was 
removed by filtration and the filtrate was evaporated in vacuo. The residue 
was coevaporated with toluene (10 mL) and purified by chromatography over a 
silica gel column (0.5 x 5 cm) . The column was flash eluted with 
dichloromethane containing 1% methanol. The appropriate fractions 
containing the desired product were collected and evaporated to give 0.13 g 
(52 %) of the title compound as a colorless powder, mp 166-168 °C. Uv 
(MeOH): Xmax240 nm (e 29, 350), 282 (7000), and 298 sh (4500). 31 P nmr 
(DMSO-d6): 8 48.48. X H nmr (DMSO-d6) : 8 3.20 (s, 3 H, CH3) , 3.39 (s, 3 H, 
Cfl 3 ), 4.10 [s, 3 H, CH3), and 8.46 (d, 1 H, J - 43.5 Hz, C 2 H) . Anal. 
Calcd. for C8H10N3O2P: C, 45.50; H, 4.77; N, 19.90. Found: C, 45.77; H, 
4*72; N, 19.87. 
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Exangri " 9. N-Substituted 7-Amino-lH-l ,3-azaphospholo [4 , 5-d]pyr imidinca . 

A further embodiment includes phosphazole compounds having the structure: 
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The synthesis of compounds corresponding to structure 21 was accomplished 
by the direct alkylation of the adenine analog 7-amino-lH-l, 3-azaphospholo[4,5- 
d]pyrimidine (Example 2 f compound 10) with requisite alkyl halides or properly 
protected glycosyl (carbohydrate) halides. In the case of glycosyl 

derivatives, subsequent deprotection of the condensed product under alkaline 
conditions is required. The procedure is described more specifically as 
follows : 

Preparation of 7 -Ami no- 1- (n-pentyl) -1 , 3-azaphosp holo [4 , 5-d] 
pyriroidine [compound 21, R =■ (CHgljCHjl 

7-Amino-lH-l r 3-azaphospholo[4 / 5-d]pyrimidine (compound 10, 0.25 g, 1.64 

mmol, dried by coevaporation with dry DMF , 15 mL) was suspended in dry DMF 

to which sodium hydride (80 mg, 2 mmol, 60% dispersion in mineral oil) was 

added under argon atmosphere. The mixture was stirred at room temperature 

for 40 min and 1-bromopentane (0.25 mL, 2 mmol) was added. The reaction was 
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continued for 3 h and the solvent was evaporated. The residue was 
coevaporated with toluene (25 mL) . The solid thus obtained was dissolved in 
a mixture of dichloromethane and methanol (1:1, 10 mL) and impregnated onto 
silica gel (10 g) . The solvents were evaporated under reduced pressure and 
the dry powder was loaded on a silica gel column (2 x 10 cm) . The column was 
flash eluted with dichlorome thane containing 0-5% methanol to yield 0.26 g 
(71 %) of the title compound, mp 196-198 °C. Ir (KBr) : v 690 (=P-C) , 1220 
(-P=CH), and 3110 and 3280 (NH2) cm' 1 . Uv (MeOH) : Xmax 266 nm (t 23, 300). 
31 P nmr (DMSO-d6) : 8 62.57. ^ nmr (DMSO-d 6 ) : 8C.83(t, 3 H, CH3) , 1.25 (m, 4 
H, 2CH 2 ), 1.92 (m, 2 H, Ctf 2 ), 4.27 (t, 2 H, NCH 2 ), 8.37 and 8.67 {2s, 2 H, 
N*2), 8.60 (d, 1 H, C5K), and 9.03 (d, 1 H, J = 54 Hz, C 2 H) . Anal. Calcd. for 
CiqHi5N4P-0.5 CH2CI2: C, 47.63; H, 6.09; N, 21.17. Found: C, 47.47; H, 6.09; 
N, 21.86. 

Preparation of 7 -Amino- 1- (n-hexyl) -1 , 3-azaphospholo [4 ,5-d] 
pyrimidine (compound 21, R = (CH 2)5CH3l 

7-Amino-lff-l, 3-azaphospholo [4, 5-d]pyrimidine (compound 10, 0.5 g, 3.29 
mmol) was suspended in dry DMF to which sodium hydride (160 mg, 4 mmol, 60% 
dispersion in mineral oil) was added under an argon atmosphere. The 
mixture was stirred at room temperature for 40 min and 1-bromohexane (0.56 
mL, 4 mmol) was added. The reaction was continued for 3 h and the solvent 
was evaporated. The residue was dissolved in dichloromethane (150 mL) and 
washed with water (25 mL) . Organic layer was separated and the aqueous layer 
was extracted with dichloromethane (2 x 50 mL) . The combined organic layer 
was dried (Na 2 S04) and evaporated. The residue was purified by silica gel 
column (2 x 15 cm) chromatography eluting with dichloromethane containing 
0-4% methanol. The appropriate fractions containing the desired product were 
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evaporated to yield 0.53 g (68 %) , mp 220-222 °C. Ir (KBr) : v 690 (=P-C) , 
1220 (-P=CH), and 3295 {NH2) cm" 1 . Uv (pH 1): Xmax 254 nm (s 23,700), 282 
(11,500), and 314 (5200); (MeOH) : Xmax 266 (e 31, 600); (pH 11): Xmax 266 nm 
(6 33,300), and 330 (2200). 31 P nmr (DMSO-d6) : 63.21. X H nmr (DMSO-d6) : 
5 6 0.80<t, 3 H, CJ/3) , 1.23 (br s, 6 H, 3CH 2 ); 1.92 (t, 2 H, CH2) , 4.24 (t, 2 H, 
NCH2), 8.15 and 8.23 (2s, 2 H, ^2), 8.44 (d, 1 H, C5JJ) , and 8.86 (d, 1 H, J 
■ 58.5 Hz, C2H) . Anal. Calcd. for C11H17N4P: C, 55.92; H, 7.25; N, 23.72. 
Found: C, 55.49; H, 7.31; N, 23.28. 

10 Preparation of 7-Amino-l- (4-acetoxybutyl) -1 , 3-azaphospholo [4 , 5-d]pyrimidine 
[compound 21 , R = (CH 2 ) 3CH2 OAC) 

To a suspension of 7-amino-lH-l, 3-azaphospholo [4 , 5-d] pyrimidine 
(compound 10, 0.3 g, 2 mmol) in dry DMF (20 mL) was added sodium hydride (96 
mg, 2.4 mmol) under an argon atmosphere. The mixture was stirred at ambient 

15 temperature for 30 min and 4-bromobutyl acetate (0.35 mL, 2.4 mmol) was 
added. After stirring for 3 h, DMF was evaporated and the residue was 
purified by chromatography over a silica gel column (2 x 15 cm) . The 
column was flash eluted with dichloromethane containing 0-5% methanol. The 
homogeneous fractions containing the desired product were collected and 

20 evaporated under reduced pressure to yield 0.34 g (64 %) of the title 
compound, mp 168-170 °C. 31 P nmr (DMSO-d6) : 5 62.34. ^-H nmr (DMSO-d6) : 8 1.56 
(m, 2 H, ZH2), 1.90 (m, 5 H, Ctf 2 , c #3) , 4.00 (t, 2 H, NCffe)* 4.30 (t, 2 H, 
CH2), 8.27 and 8.38 (2s, 2 H, Ntf 2 ), 8.50 (d, 1 H, C5H) , and 8.92 (d, 1 H, J « 
56.4 Hz, Q 2 H ). Anal. Calcd. for C11H15N4O2P: C, 46.99; H, 5.43; N, 19.49. 

25 Found: C, 46.69; H, 5.44; N, 19.37. 
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Preparation of 7 -Ami no- 1- (4-hydroxybutyl) -1 , 3-azaphospholo- 
r4,5-d3pyrimidine [compound 21, R ~ (CH glgCHgOH] 

A mixture of 7-amino-l- (4-acetoxybutyl) -1, 3-azaphospholo [4, 5- 
djpyrimidine [compound 21, R * (CH2) 3CH2OAC] , 0.3 g, 1.13 mmol) and 
5 methanolic ammonia (100 mL, saturated at 0 °C) was stirred overnight and the 
methanolic ammonia was evaporated in vacuo. The residue was purified by 
silica gel column chromatography. The column was flash eluted with 
dichloromethane containing 0-8% methanol to yield 0.2 g (79 %) of the title 
compound, mp 164-166 # C. Ir (KBr) : v 700 (=P-C) , 1220 {-P=CH) , and 2940, 
10 .3060 and 3260 (NH2, OH) cirT 1 . Uv (pH 1): Xmax254 nm (e26,000), 292 . 

(13,100), and 314 (5900); (MeOH) : Xmax266 nm (e 35, 900), and 330 (3100); (pH 
11): 266 nm (e 38, 500), and 334 (3300). 31 P nmr (DMSO-d6) : 63.64. 1 H nmr 
(DMSO-d6): 8 1.41 (m, 2 H, CH2) , 1-97 (m, 2 H, CH2 ) , 3.40 (t, 2 H, CH2) , 4.34 
(t, 2 H, CH2) 9 4.47 (br s, 1 H, OH), 8. 28 and 8.39 (2s, 2 H, NH2), 8.53 (d, 
15 1 H, C5H), and 8.96 (d, 1 H, J - 56.4 Hz, C 2 H) . Anal. Calcd. for CsHi3N40P- 
0.25 CH2CI2; C, 45.26; H, 5.54; N, 22.83. Found: C, 45,05; H, 5.49; N, 22.73. 

Preparation of 7 -Amino- 1- [ (2-acetoxyethoxy) methyl 3 -1 , 3-azaphospholo- 
[4,5-d}pyrimidine [compound 21, R « CH 2 OCH 2 CH gOAc ] 

20 To a suspension of 7-amino-ltf-l, 3-azaphospholo [4, 5-d]pyrimidine 

(compound 10, 0.5 g, 3.29 mmol) in DMF (20 mL) was added NaH (0.16 g, 4 mmol) 
under an argon atmosphere. After stirring the mixture at room temperature 
for 40 min, the reaction flask was cooled to -50 °C and a solution of 2- 
(acetoxyethoxy) methyl bromide (108) (0.78 g, 3.96 mmol) in DMF (5 mL) was 

25 added. The reaction flask was allowed to warm to room temperature in 1.5 h 
and the reaction was continued for further 2 h. The solvent was evaporated 
in vacuo and the residue was coevaporated with toluene (10 mL) . The 
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residue was dissolved in a mixture of dichloromethane and methanol (1:1, 10 
mL) and impregnated onto silica gel (10 g) . The sovents were evaporated and 
the dry powder was loaded on a silica gel column ( 2 x 15 cm) . The column 
was flash eluted with dichloromethane containing 0-7% methanol. The 
appropriate fractions containing the desired product were evaporated to yield 
0.62 g (70%) of the title compound, mp 134-135 °C. X H nmr (DMS0-d6) : 6 1.89 
(s f 3 H, CH3), 3.69 (dd, 2 H, CH 2 ) , 4.05 (t, 2 H, CH 2 ) , 5.67 (s, 2 H, CH 2 ) , 
8.57 and 8.88 (2s, 2 H, NH 2 ), 8.70 (d, 1 H, C 5 H) , and 9.00 (d, 1 H, J =51.9 
Hz, C 2 H). Anal. Calcd. for .C1.0H13N4O3.P- 0-4 CH 2 C1 2 :_C, 39.74; H, 4.60; 

N, 18.54. Found: C, 40.04; H, 4.20; N, 18.38. 

Preparation of 7 -Amino- 1- [ ( 2 -hydroxyethoxy) met hyl] -1 , 3-azaphospholo- 
[4,5-d]pyrimidine [compound 21 , R= CHgOCH gCHgQHj 

A mixture of 7-amino-l-[ (2-acetoxyethoxy) methyl] -1, 3-azaphospholo [4, 5- 
djpyrimidine {compound 21, R- CH2OCH2CH2OAC, 0.45 g, 1.68 xnmol) and 
methanolic ammonia (100 mL, saturated at 0 °C) was stirred at room 
temperature for 18 h. Methanolic ammonia was evaporated in vacuo and the 
residue was purified by silica gel column (2 x 8 cm) chromatography. The 
column was flash eluted with dichloromethane containing 0-12% methanol. 
The homogeneous fractions were pooled and evaporated to yield 0.35 g ( 92%) 
of the title compound, mp 165-166 °C. Ir (KBr) : v 705 («P-C) , 1210 (-P-CH) , 
2930, 3050, and 3270 (NH 2 , OH) cxrT 1 . Uv (pH 1): Xmax254 nm (e24,200), 
282 (15,200), and 312 (5000); (MeOH) : Xmax266 nm (e 28, 900), and 340 (2300); 
(pH 11): 266 nm (e 34,700), and 340 (1900); 31 P nmr (DMSO-de) : & 65.85; *H 
nmr (DMSO-d 6 ) : 8 3.46 (m, 4 H, 2CH 2 ) , 4.70 (br s, 1 H, OH) , 5.70 (s, 2 H, 
CH 2 ), 8.52 and 8.69 (2s, 2 H, NH 2 ) , 8.65 (d, 1 H, C5J3) , and 8.96 (d, 1 H, J 
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= 54 Hz, C2ff ). Anal. Calcd. for CsHnN^P- 0.35 CH2CI2: C, 37.54; H, 
4.61; N, 21.89. Found: C, 37.43; H, 4.13; N, 21.53. 

Preparation of 7 -Amino- 1- [ (1 , 3 -dibenzoyloxy-2-propoxy) methyl] -1 , 3- 

azaphospholo [4 , 5-d3pyrimidine (compound 21, R= CH 2 OCH ( CH 2 OB2 ) 2 3 

To a suspension of 7-amino-lif-l, 3-azaphospholo [ 4 , 5-d]pyrimidine 
(compound 10, 0.5 g, 3.29 mmol) in DMF (20 mL) was added NaH (0.16 g, 4 mmol) 
under an argon atmosphere. After stirring the mixture at room temperature 
for 40 min, (1, 3-dibenzoyloxy-2-propoxy) methyl bromide (109) (1.38 g, 3.5 
mmol) was added and the reaction was .cpntinued for 18 h. The solvent was 
evaporated in vacuo. The residue was dissolved in dichloromethane (150 mL) 
and the organic solution was washed with water (30 mL) . Aqueous layer was 
extracted with dichloromethane ( 2 x 100 mL) and the combined organic 
extracts were dried (Na2S04) and evaporated. The residue was purified by 
silica gel column (2 x 15 cm) chromatography. The column was flash eluted 
with dichloromethane containing 0-2.5% methanol. The appropriate fractions 
containing the desired product were evaporated to yield 0.68 g (44%) of the 
title compound, mp 148-150 Q C. X H nmr (DKSO-de) : 5 4.35 (m, 3 H, CN,- CHz) , 
4.52 (m, 2 H, CHz) , 5.79 (s, 2 H, CHz), 7.45-7.75 (m, 10 H, 2 Bz) , 8.33 (s, 
2 H, N#2), 8.66 (d, 1 H, C5K) / and 8.81 (d, 1 H, J = 57,9 Hz, CzH ). Anal. 
Calcd. for C23H21N4O5P: C, 59.48; H, 4.56; N, 12.07. Found: C, 59.08; H, 

4.56; N, 12.02. 

Preparation of 7 -Amino- 1- [ (1 , 3-dihydroxy-2-propoxy) methyl] -1 , 3-azaphospholo 
[4,5-d]pyrimidine [compound 21, R« CH 2 OCH ( CH 2 OH ) 2 1 

A mixture of 7-amino-l- ( { 1, 3-dibenzoyloxy-2-propoxy)methyl] -1, 3- 
azaphospholo[4, 5-d] pyrimidine (compound 21, R « CH2OCH (CH2OBZ) 2, 0.65 g, 

1.4 mmol) and methanolic ammonia (125 mL, saturated at 0 °C) was stirred at 
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room temperature for 20 h. The solvent was evaporated under reduced 
pressure. The solid thus obtained was triturated with cold methanol (5 mL) 
and the product was collected by filtration. To the filtrate silica gel was 
added and the solvent was evaporated. The dry powder was loaded on top of a 
silica gel column (2 x 8 cm) . The column was flash eluted with 
dichloromethane containing 0-25% methanol to give 0.28 g (78%) of the 
title compound, mp 180-182 °C. Ir (KBr) : v 695 (=P-C) , 1215 (-P=CH) , 
and3060, 3300, 3380 and 3500 (NH2, OH) cm" 1 . Uv (pH 1): Xmax254 nm 
(6 19,000), 282 (12,100) ,^ and 314 (4000); (Me OH) :„ Xmax266 nm (e24,700), and 
336 (24, 000); (pH 11): 266 nm (e 27, 650), and 340 (1900). 31 P nmr (DMSO-d6) : 
6 65.02. X H nmr (DMSO-d6) : 6 3.43 (m, 3 H, CH, CHz) , 3.53 (m, 2 H, CHz) , 
4.63 (br s, 2 H, 20JT) , 5.68 (s, 2 H, CH 2 ), 8.23 (s, 2 H, Nflfc), 8.53 (d, 1 H, 
C$H) , and 8.82 (d, 1 H, J =58.5 Hz, ZzH ). Anal. Calcd. for 
C9H13N4O3P: C, 42.19; H, 5.11; N, 21.87. Found: C, 42.37; H, 5.12; N, 21.66. 

Preparation of 7 -Amino -1- (2 , 3 , 5-tri-O-benzoyl-P-D-ribof uranosyl) -1 , 3-aza- 
phospholo[4,5-d)pyrimidine [compound 21, R = 2, 3 , S-tri-O-benzoyl-P-P- 
ribof uranose] — — . 

A mixture of 7-amino-ltf-l, 3-azaphospholo [ 4 , 5-d] pyrimidine (compound 
10, 0.3 g, 1.97 mmol) in 1, 1, 1, 3, 3, 3-hexamethyldisilazane (HMDS, 5 mL) , 
pyridine ( 5 mL) and ammonium sulfate (50 mg) was heated under reflux for 18 
h. The reaction mixture was allowed to cool to room temperature and the 
excess of HMDS and pyridine were evaporated in vacuo. The silyl derivative 
of compound 10 was dried under high vacuum for 3 h. The dried material was 
dissolved in 1, 2-dichloroethane (30 mL) to which l-O-acetyl-2, 3, 5-tri-O- 
benzoyl-D-ribofuranose (1.28 g, 2.4 mmol) was added. The mixture was 
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cooled in an ice bath. A solution of SnCl4 in dichlorome thane (1 M, 2.8 
mL, 2.8 mmol) was added keeping the flask under an argon atmosphere. After 
stirring the mixture in the ice bath for 4 h, the ice bath was removed and 
the reaction was continued at ambient temperature for 18 h. Methanol (10 mL) 
was added and after 10 min it was diluted with dichloromethane (100 mL) . 
The organic layer was washed with saturated sodium hydrogen carbonate 
solution (50 mL) and the resultant emulsion was filtered through a Celite 
pad. Organic layer was separated and the aqueous layer was extracted with 
dichloromethane (2 x 50 mL) . The combined organic layer was dried {Na2SO<i) 

and evaporated. The solid thus obtained was crystallized from a mixture of 
ethyl acetate and methanol to give 0.65 g {56 %) of the title compound, mp 
248-250 °C (dec). *H nmr (DMSO-c?6) : 64.85(m,2H, C 5 'tf2), 4.96 (m, 1 H, 
C4*H) 9 6.01 <m, 1 H, C^'H), 6.19 (m, 1 H, C2'H), 6.51 (d, 1 H, Ci'H), 7.44 
- 8.05 (m, 15 H, 3£z) , 8.44 and 8.47 (2s, 2 H, NJ/2)/ 8.75 <d, 1 H, C$H) , and 
8.95 <d, 1 H, J * 57 Hz, C2#) . Anal. Calcd. for C31H25N4O7P • 0 . 5 H2O: C, 
61.49; H, 4.33; N, 9.25. Found: C, 61.61; H, 3.B8; N, 9.21. 
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Preparation of 7-Amino-l- (ft-D-ribof uranosyl) -1 , 3-azaphospholo- 
[4,5-d]pyrimidine (compound 21, R = |3-D-ribof uranose) 

A mixture of 7-Amino-l- (2, 3, 5-tri-O-benzoyl-p-D-ribofuranosyl) -1 / 3- 

azaphospholo[4, 5-d]pyrimidine (compound 21 , R = 2, 3, 5-tri-O-benzoyl-p-P- 

ribofuranose, 0.45 g, 0.75 mmol) and methanolic ammonia (100 mL, saturated at 

0 °C) was stirred at room temperature for 20 h and the methanolic ammonia was 

evaporated under reduced pressure. The residue was triturated with methanol 

(10 mL) and the product was collected by filtration. The filtrate was 

evaporated and the residue was purified by chromatography over a silica gel 

column. The column was flash eluted with . dichloromethane containing 0-20% 

methanol. The appropriate fractions containing the pure product were 

collected and evaporated to give a total yield of 0.18 g (84 %) of the 

title compound, mp 220-222 °C. Ir (KBr) : v 700 (=P-C) , 1205 (-P=CH) , and 

2930-3470 (NH 2 , OH) cm" 1 , Uv (pH 1): Amax254 nm (023,400), 284 (15,600), 

and 314 (5600); (MeOH) : >jnax266 nm (e 32, 900), and 340 (2100); (pH 11): 266 
nm (e 36, 050), and 338 (3250). 31 P nmr (DMSO-de) : 8 62.50; 1 H nmr (DMSO-d6) : 
63.73 (dd, 2H, C5»if 2 )/ 3.98 (m, 1 H, CfH), 4.10 (br s, 1 H, C 3 .tf), 4.28 (m, 1 
H, C2'tf), 5.24 (br s, 2 H, 20//), 5.63 (br s, 1 H, OH), 5.70 (d, 1 H, Ci»tf), 
8.24 (s, 2 H, N//2), 8.86 (d, 1 H, C5J/) , and 8.83 (d, 1 H, J = 58.8 Hz, C2H) . 
Anal. Calcd. for CioHisN^P- 0 . 25 CH2CI2: C, 40.30; H, 4.45; N, 18.35. Found: 
C, 40.40; H, 4.15; N, 18.54. 

Preparation of 7-Amino-l- (2-deoxy-3 , 5-cU-0-p-toluoyl-P-D-ery*hro-pento- 
furanosyl) -1 , 3-azaphospholo [4 , 5-d)pyrimidine (compound 21, R= 2-deoxy-3 , 5-di- 
O-p-toluoyl-ft-D-erythro-pentofuranosel 

7-Amino-lH-l,3-azaphospholo(4,5-d]pyrimidine (compound 10, 0,5 g, 3.29 

mmol, dried by coevaporation with dry DMF , 35 mL) was suspended in dry 

acetonitrile (30 mL) to which sodium hydride (160 mg, 4 mmol, 60% dispersion 
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in mineral oil) was added under an argon atmosphere. The mixture was 

stirred at room temperature for 40 min and l-chloro-2-deoxy-3, 5-di-O-p- 
toluoyl-a-D-erythro-pentofuranose (110) (1.55 g, 4 mmol) was added. The 
reaction mixture was stirred for 2.5 h and the solvent was evaporated. The 
5 residue was partitioned between dichloromethane (150 mL) and water (50 mL) . 
Aqueous layer was separated and extracted with dichloromethane (2 x 100 mL) . 
The combined organic extracts were dried (Na2S04) and evaporated. The 
residue was purified by chromatography over a silica gel column (2 x 20 cm) . 
The .5 oiumn was flasn e A ut ? d w ith . dichloromethane ..containing C-2 % methanol. 

10 The fractions containing the desired product were collected and evaporated to 
yield 0.8 g (48 %), mp 128-130 °C. l H nmr (DMSO-d 6 ) : 52.33and 237 (2s, 6 
H, 2C#3), 2.90 (m, 1 H, C2'ff), 3.03 (m, 1 H, C2»H) , 4.70 (m, 3 H, C^tf and 
C5»ff2), 5.64 (m, 1 H, C3*H), 6.39 (t, 1 H, Ci»Jf), 7.24 and 7.34 (2d, 4 H, 
Tol), 7.80 and 7.90 (2d, 4 H, Tol) , 8.33 (s, 2 H, N#2) / 8.33 (d, 1 H, Cs/T) , 

15 and 8.85 (d, 1 H, J = 59 Hz, C 2 H) . Anal. Calcd. for C26H25N4O5P: C, 61.90; H, 
5.00; N, 11.11. Found: C, 61.57; H, 5.21; N, 10,76. 

Preparation of 7 -Amino- 1- (2-deoxy-P-D-erytha-o-pentof uranosyl) 

-1 ,3-azaphospholo [4 , 5-d3pyrimidine [ compound 21 , R= 2-deoxy-(3-P-erythro- 
20 pentofuranose] * ~ ~~ ~ * ~ ~" - - - 

A mixture of 7-amino-l- (2-deoxy-3, 5-di-O-p-toluoyl-p-D-erythro- 

pentof uranosyl ) -1, 3-azaphospholo[4, 5-d] pyrimidine (compound 21, R= 2-deoxy- 
3, 5-di-O-p-toluoyl-p-ZHerythro-pentofuranose, 0.6 g, 1.19 mmol) and methanolic 
ammonia (100 mL, saturated at 0 °C) was stirred at room temperature for 20 h 
25 in a pressure bottle. The reaction flask was cooled in an ice bath, 
carefully opened and evaporated to dryness. The residue was dissolved in 
methanol (10 mL) and impregnated onto silica gel (10 g) . The solvent was 
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evaporated and the dry powder was loaded on a silica gel column (2 x 10 cm} . 
The column was flash eluted with dichloromethane containing 0-12% methanol to 
yield 0.24 g (75 %) of the title compound, mp 132 6 C (foams). Ir (KBr) : 
v 700 (=P-C), 1210 (-P=CH), and 2930-3320 (NH2, OH} cm" 1 . Uv (pH 1): Xmax 254 
nm (e45 f 238), 282 (25,800), and 314 (10,10*0); (MeOH) : Xmax 266 nm (e59,900), 
and 330 (5050); (pH 11): 266 nm (6 65,150), and 334 (5400). 31 P nmr (DMSO- 
d6): 6 62.19. 1 H nmr (DMSO-de) : 5 2.40 (m, 2 H, C 2 'H and C 2 »H) , 3.65 (m, 
2 H, C5.tf 2 ), 3.96 (m, 1 H, C 4 »Jf ) , 4.32 (br s, 1 H, C 3 «H), 5.16 (br s, 1 H, 
OH), 5.40 (br s, 1 H, OH), 6.14 (t, 1 H, Ci«//), 8.35 (s, 2 H, NJf 2 ), 8.81 (d, 
1. H, C5H), and 8.88 (d, 1 H, J = 57.3 Hz, C2H) . Anal. Calcd. for 
Cl0Hl3N4O3P'0.25 CH2CI2: C, 42.53; H, 4.70; N, 19.36; P, 10.70. Found: C, 
42.08; H, 4.75; N, 19.11; P, 10.28. 

Example 10. Similar to the 1, 3-azaphospholo [4, 5-d]pyrimidine chemistry as 

outlined in examples 1-9, 1, 3-azaphospholo[5, 4-d]pyrimidines are made from 
properly functionalized oxazoles. The key starting material for this purpose 
is ethyl oxazole-4-carboxylate (compound 22}, which is prepared as reported 
(52). Bromination of compound 22 with one equivalent of itf-bromosuccinimide in 
the presence of 1, 1' -azobis (cyclohexanecarbonitrile) in CC1 4 gives the 
corresponding 5-bromo derivative (compound 23). It has been found (53-55) that 
the nuclear bromination of oxazoles either with bromine or with JV- 
bromosuccinimide occurs preferentially at C-5; if this position is occupied, 
then at C-4, but not at C-2 . Selective ammonolysis of compound 23 with 
methanolic ammonia (saturated at 0 °C) at controlled temperature yields 5-bromo- 
l,3-oxazole-4-carboxamide (compound 24). 




22 



23 



24 



32 



WO 99/08688 



PCI7US98/16828 



Exanple 11. Synthesis of 4-Bromo-lH-l,3-azaphospholine-5-carbonitrile 
(compound 26) . 

Dehydration of compound 24 with phosgene provides 5-bromooxazole-4~ 
carbonitrile (compound 25 ), which on treatment with TTP in the presence of 
naked fluoride ion (18 -crown- 6/KF) in anhydrous toluene at reflux temperature 
provides 4-bromo-ltf-l, 3-azaphospholine-5-carbonitrile (compound 26). 




O 



24 25 26 

This 0->P conversion also undergoes a ring-opening and recyclization mechanism 
as described in example 1 (compound 9) . 

Example 12, Synthesis of 5-Amino-lH-l ,3-azaphospholine-4 -carbonitrile 
(compound 28) . 

Hydrolysis of compound 26 with aqueous NaOH at room temperature gives 4- 
bromo-l/f-1, 3-azaphospholine-5-carboxanu.de (27a). The C«-Br of 27a may not be 
quite reactive toward conventional nucleophilic displacement reactions. 
However, the use of copper compounds as catalysts in nucleophilic aromatic (56, 
57) and heteroaromatic (58) substitution reactions are known. Thus, treatment 
of compound 27a with CuCN in the presence of copper powder or CuCl at elevated 
temperature gives the cyano compound 27b. Decarbonylation of compound 27b 
under Hofman conditions (NaOBr) provides 5-amino-lJf-l, 3-azaphospholine-4- 
carbonitrile (compound 28) . 




26 27 28 

a) R = Br 

b) R = CN 
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Exaaple 13. Synthesis of 4-Amino-lH-l , 3-azaphospholo [5 , 4-d3pyrimidine 
(Adenine Analog, compound 29) . 

5-Amino-ltf-l, 3-azaphospholine-4-carbonitrile (confound 28) is reacted 

5 with formamidine acetate in ethanol at reflux temperature to form the ring 

annulated product 4-amino-lH-l , 3-azaphospholo [5, 4-d] pyrimidine (the adenine 

congener, compound 29) . 

M Y> — 

W H 



10 



15 



20 



25 




22 _ 

Example 14. Synthesis of N-l substituted 4-amino-lH-l , 3-azaphospholo [S, 4* 
d] pyrimi dines . 

A further embodiment includes phosphazole compounds having the structure: 

NH 2 NH 2 



TO 

N 7 



R 

29 29a 

wherein R is 

~(CH 2 ) 4 CH 3 

~(CH 2 ) 5 CH 3 
-C^CH ==CH 2 

-CH 2 CH =CHCH 2 CH 3 (cis and trans) 

O HO-l o / H0 ~l .0./ H °-\^l H0 ~\^J 



HO HO 



~CH 2 CH =CHCH 2 P(OH) 2 (cis and trans) 
-CH 2 CH=C(CH 3 ) 2 
— (CH 2 ) 3 CH 2 OH 

-CH 2 CH=CHCH 2 OH H 6 HO OH 



ro v-i H °-u-i ho >y 
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HO OH H0 

The synthesis of the compounds in Example 14 proceeds by the direct 
alkylation of the adenine analog (compound 29) with requisite alkyl halides or 
25 properly protected glycosyl halides in appropriate solvents. In the case of 
glycosyl derivatives, subsequent deprotection of the glycosylated product under 
alkaline conditions is required. Phosphorylation of the unprotected adenosine 
analog with P0C1 3 in trimethylphosphate, according to the general procedure of 
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Yoshikawa et al. (59) gives the corresponding 5' -monophosphate, which when 
reacted with N,N' -dicyclohexylcarbodiimide (DCC) in anhydrous pyridine in the 
presence of 4-morpholino-W,iV'-dicyclohexylcarboxamidine under high-dilution 
conditions (60) provides the cAMP analog 7-amino-3- (P-D-ribof uranosyl) -1, 3- 
5 azaphospholo [5 , 4-cf] pyrimidine 3',5'-cyclic phosphate. 



Example 15 . Synthesis of 1 ,3 -Azaphospholo [5 , 4-d]pyrimidin-4 (IE, Sit) -one 

(Hypoxanthine Analog, compound 31) ■ 

10 Hydrolysis of the nitrile function of 5-amino-ltf-l, 3-azaphospholine-4- 

carbonitrile (compound 28), from Example 12, is carried out by treatment with 

0.1N aqueous NaOH at gentle reflux for 5 hours to obtain 5-amino-lH-l, 3- 

azaphospholine-4-carboxamide (compound 30), which when fused with formamidine 

forms the hypoxanthine analog, compound 31. 

15 O O 

HN 



20 



JO — <03 




H 2 N H H 2 N H N 

28 30 31 



Example 16. Synthesis of 1 , 3 -Azaphospholo [5 , 4 -d] pyrimidine -4 , 6 (1H, 5H,7H) ; 

dione (Xanthine Analog, compound 32) . 



5-Amino-ltf-l, 3-azaphospholine-4-carboxamide (compound 30 from Example 15) 
25 is fused with urea at 160 °C for 45 min to obtain the xanthine analog 32. 

H 2 N H O^N N 

H H 

30 30 32 
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Exan5>le 17. Synthesis of 1 , 3-Azaphospholo [5 , 4-d]pyrimidine-4 (Iff, SH) -thi one (6- 
Thiopurine analog, compound 34) . 

The hypoxanthine analog (compound 31 from Example 15) is reacted with 

P0C1 3 in the presence of diethyl aniline at reflux temperature for 1 hour to form 

4-chloro-l/J-l, 3-azaphospholo[5, 4-d] pyrimidine (compound 33), which on reaction 

with thiourea in boiling ethanol produces the 6- thiopurine analog (compound 

34) . 




31 - 33 34 



Example 18 . Synthesis of 6-Amino-l , 3-azaphospholo [5 , 4-d]pyrimidin-4 (IB, SH) - 

one (Guanine Analog, compound 37) . 

The guanine analog (compound 37) is obtained from compound 30 (from 
Example 15) by reacting with benzoylisothiocyanate to form 5-(N'- 
benzoylthiocarbonyl) amino-ltf-1, 3-azaphospholine-4-carboxamide (compound 35) , 
which when reacted with CH 3 I in 0.1 N NaOH will afford 5- (N' -benzoyl-S- 
methylisothiocarbamoyl) amino-ltf-1, 3-azaphospholine-4-carboxamide (compound 36) , 
which, in the presence of ammonia, produces the guanine congener (compound 37) . 



O 
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Exanple 19, Synthesis of 6-Amino-l , 3-azaphospholo [5 , 4-dlpyrimidine-4 (1H, 5H) - 
thione ( 6 -Thio guanine Analog, compound 38b) . 

The guanine congener from Example 18 (compound 37) on heating under 
reflux with POCl 3 in the presence of diethylaniline provides 6-amino-4-chloro- 
ltf-l,3-azaphospholo[5, 4-d]pyrimidine (compound 38a), which on reaction with 
thiourea in boiling ethanol produces the 6-thioguanine anlaog 6-amino-l, 3- 
azaphospholo[5,4-d)pyrimidine-4 (ltf, 5tf)-thione (compound 38b). 




a) R = CI 

b) R=SH 



Exanple 20. Synthesis of N-l substituted 6-Amino-l , 3-azaphospholo [5 , 4-d] - 
pyrimidinc-4 (1H, 5H) -ones . 

A further embodiment includes phosphazole compounds having the structure: 




R 

37 39 



wherein R is 
-(CH 2 ),CH 3 

-(CH 2 ) 5 CH 3 
-CHjCH =01-12 

-CH 2 CH=C(CHjk 

-CH 2 CH =CHCH 2 CH3 
O 

-CH 2 CH =CHCH 2 P(OH) 2 
-*(CH 2 ) 3 CH 2 OH 
-CH 2 CH =CHCH 2 OH 
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The synthesis of the compounds in Example 20 proceeds by the direct 
alkylation of the guanine analog (compound 37) with requisite alkyl halides or 
properly protected glycosyl halides in appropriate organic solvents. In the 
case of glycosyl derivatives, subsequent deprotection of the protected 
glycosylated product under alkaline conditions is required. Phosphorylation of 
the unprotected guanosine analog with POCl 3 in trimethylphosphate (59) produces 
the corresponding 5' -monophosphate, which when dehydrated with DCC in anhydrous 
pyridine under high-dilution conditions (60) provides the cGMP analog. 

Example 21. P-Substituted 7-Amino-3H-l , 3-azaphospholo [4 , 5-d3pyrimidines . 

A further embodiment includes phosphazole compounds having the structure: 




NH 



R 



wherein R is 



40 



-CH 2 CH =CH 2 



-CH 2 CH=C(CH3) 2 
-CH 2 CH =CHCH 2 OH 
-CH 2 CH =CHCH 2 CH 3 



O 



-CH 2 CH =CHCH 2 P(OH) 2 



-(CH 2 ) 3 CH 2 OH 




HO 



HO 
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HO 



HO OH 
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The synthesis of the compounds in Example 21 proceeds by the direct alkylation 
20 of the adenine analog (Example 2, compound 10) with requisite alkyl halides or 
properly protected glycosyl halides in the presence of the Phase-Transfer 
catalyst cryptand tris- [2- (2-methoxyethoxy) ethyl) amine (TDA-1) and solid KOH in 
acetonitrile. 

25 Exauple 22. P-Nucleoside structurally related to Adenosine (compound 44) 
Compounds in Example 22 are prepared as follows: 
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5 




HO OH 
44 



10 For the synthesis of the target adenosine analog (compound 44)., compound 

9 serves as a useful starting material. The protection of the amino group is 
effected by the treatment of compound 9 with diethoxymethylacetate in 
acetonitrile to give 4-ethoxymethyleneamino-l, 3-azaphospholine-5-carbonitrile 
(compound 41). Coupling of compound 41 with 2, 3, 5-tri-0-benzoyl-I>- 

15 ribofuranosyl bromide (compound 42) (61) provides the corresponding P- 
nucleoside (compound 43) . Compound 43 is also prepared by alkylation of 
compound 41 with compound 42 in the presence of lithium diisopropylimide (LDA) 
in a nonpolar solvent at -70 °C. This synthetic route is similar to the one 
used for P-alkylation of 1, 3-azaphospholines (62). Compound 43 on reaction 

20 with methanolic ammonia (saturated at 0 °C) at room temperature for 24 hours, 
deprotection of the sugar moiety with concomitant ring cyclization occurs to 
give the adenosine analog 7-amino-3- ((3-I>- ribofuranosyl) -1, 3-azaphospholo[4, 5- 
d]pyrimidine (compound 44) . Compound 44 is also prepared by the direct 
glycosylation of the sodium salt of compound 14 (generated in situ by the 

25 treatment with NaH in CH 3 CN) with 2, 3-0-isopropylidene-5-O- ( tert- 
butyldimethylsilyl) -<x-Z>-ribof uranosyl chloride (63) in acetonitrile at room 
temperature to produce the P-glycosylated product (along with N-glycosylated 
product), which on separation by flash silica gel column chromatography and 

42 



WO 99/08688 



PCT/US98/16828 



deisopropylidenation with aqueous trif luoroacetic acid followed by aroination 
provides compound 44. 



F.v ample 23. 2' -Deoxy and Arabinofuranosyl derivatives of compound 10 . 



10 




BnO 



"VbooT^CI 



BnO 

46 



47 

a) R = H 

b) R = OH 
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20 



P-Nucleosides of example 23 (compound 47) are readily accessible by 
substituting the substrate 42 with the a-halogenoses 45 and 46 in the 
glycosylation of compound 10. Both compounds 45 and 46 are prepared by the 
literature procedures (64 , 65). Structural manipulation of the protected 
azaphosphole nucleosides thus obtained provides the target nucleosides 47. 

Example 24. 5 ' -Monophosphate (compound 48) and 3', 5' -cyclic phosphate (compound 
49) of Adenosine analog, compound 44 . 



25 
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The direct utilization of certain cyclic nucleotide derivatives as 
medicinal agents is well documented (27) . With a view of gaining greater 
tissue specificity and longer lasting potency over cAMP, the 3', 5' -cyclic 
phosphate of compound 44 will be prepared via the intermediate compound 48. 
5 Phosphorylation of unprotected adenosine analog 44 with POCl 3 in 
trimethylphosphate, according to the general procedure of Yoshikawa and co- 
workers (59) will provide the corresponding 5' -monophosphate (compound 48). 
Compound 48 is reacted with JV,tf'-dicyclohexylcarbodiimide (DCC) in anhydrous 
pyridine in the presence of 4-morpholino-jV, W'-dicyclohexylcarboxamidine under 
10 high-dilution conditions (60) to obtain 7-amino-3- (p-D-ribofuranosyl) -1, 3- 
azaphospholo[4,5-d] - pyrimidine 3',5'-cyclic phosphate (compound 49). 

Examp le 25. P-Glycosylated Inosine/Thioinosine Analogs (compound 51) . 



15 




X = O or S 

20 Concomitant hydrolysis of the nitrile function and the sugar protecting 

groups of compound 41 is carried out by the treatment with 0.1N NaOH solution 
to obtain 4-amino-3- (P-D-ribof uranosyl ) -1, 3-azaphospholine-5-carboxamide 

(compound 50). Compound 50 is ring closed with formamide or with triethyl 
orthof ormate to obtain the inosine analog , compound 51 (X = O) , which is also 

25 prepared by deamination of the adenosine analog, compound 44, with aqueous 
nitrous acid. Acetylation of the sugar hydroxyls with acetic anhydride/4- 
( dimethyl amino) pyridine, followed by thiation with phosphorus pentasulfide and 
subsequent deacetylation provides the 6-thioinosine analog 3- (P-Z>- 
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ribofuranosyU-l, 3-azaphospholo [4, 5-d] pyrimidine-7 (6H)-thione (compound 51, X - 
S). 

Exaap 3 * 26. P-Glycosylated Guanosine Analog (compound 54) . 



5 



10 



15 




In a similar manner as described for the preparation of the guanine 
analog (compound 37, example 18), nucleoside 50 is ring-closed to the guanosine 
analog 5-amino-3- ( p-I>- ribof uranosyl ) -1 , 3-azaphospholo [ 4 , 5-d) pyrimidin-7 ( 6H) -one 
20 (compound 54), via the 4-thioureido intermediate (52). 

Example 27. 5' -Monophosphate (compound 55) and 3', 5' -cyclic phosp hate (compound 
56) of Inosine Analog (compound 51 , X = 0) . 



25 
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In a similar manner as described for the preparation of the cAMP analog 

(example 24, compound 49), phosphorylation of compound 51 {X = 0) with POCI3 in 

trimethylphosphate at 0-5 °C provides the corresponding 5' -monophosphate 

(compound 55) , which on subsequent ring closure by the treatment with DCC in 

5 pyridine results in the formation of the 3' ,5' -cyclic phosphate (compound 56). 

ExAnple 28. 5 ' -Monophosphate (compound 57) and 3' , 5' -cyclic phoshphate 
(compound 5B) of Guanosine Analog (compound 54) . 



10 




In a similar manner as described for the preparation of the cAMP analog 
15 (example 24, compound 49), phosphorylation of the guanosine analog (compound 
54) provides the corresponding 5' -monophosphate (compound 57), which on ring 
closure with DCC/pyridine results in the cGMP analog (compound 58). 

Example 29. 5 -Amino- 3- (2 , 3 -dideoxy-fl- D-crlyccro-pen to fura.no syl) -1 ,3- 
20 azaphospholo[4 , 5-d] - pyrimidin-7 ( 6H) -one (compound 61) . 



25 
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The chemical synthesis of compound 61 is accomplished by the following 
sequence of reactions. Treatment of the guanosine analog (compound 54) with a- 
acetoxyisobutyryl bromide in moist acetonitrile (66 f 67) results in the 
formation of a mixture of 2' (3' ) -bromo-3' (2' ) -O-acetyl nucleosides (compounds 
5 59). Treatment of compounds 59 with a mixture of zinc-copper in DMF (67), 
followed by deprotection gives 5-amino-3- (2, 3-dideoxy-P-Z>-g;lycero-pent-2- 
enofuranosyl)-l,3-azaphospholo[4, 5-d]pyrimidine-7 (6H)-one (compound 60) . 

Catalytic hydrogenation (Pd/C, H 2 ) of compound 60 will afford compound 61. 

10 

II. Synthesis .of Deazaphosphazoles (Phospholo [2 , 3-d] pyriird dines) and Their 
Nucleosides . 

Since the isolation of the antibiotics tubercidin, toyocamycin and 
sangivamycin in the early 1960's and subsequent structural elucidation of these 

15 antibiotics as pyrrolo [2, 3-d]pyrimidine nucleosides, the developments in 7- 
, deazapurine nucleosides are phenomenal (68) . Isolation of additional 7- 
deazapurine nucleosides from natural sources in recent years, such as 
nucleoside Q (69-72), cadeguomycin (73-77), antibiotic AB-116 (78, 79), 
dapiramicin (80-82), 5-iodo-5' -deoxytubercidin (83), kanagawamicin (79), and 

20 mycalisines A and B (84, 85) has generated tremendous interest in the synthesis 
of deazapurine nucleosides. A large number of these nucleosides exhibited 
significant antiviral and antitumor activities (68, 86, 87) in vitro as well as 
in vivo. Therefore, the synthesis of the phosphorus congeners of certain of 
these antibiotics was undertaken. 

25 The synthesis of these compounds in this totally unexplored area uses 

essentially the same synthetic sequences that were used for the preparation of 
l,3-azaphospholo[4, 5-d] primidines . The rudimentary 5-member ring having only 
phosphorus as a heteroatom is prepared from 2-aminofuran-3-carbonitrile 
(compound 62) . 
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Example 30. Synthesis of 2-Aminophosphine-3-carbonitrile (compound 63) . 



5 



10 




63 62 



Condensation of malononitrile with chloroacetaldehyde in the presence of 
15 triethylamine in anhydrous tetrahydrofuran furnishes 2-aminofuran-3- 
carbonitrile (compound 62). The proposed reaction mechanism is: reaction of 
malononitrile with chloroacetaldehyde yields the intermediate A, which then 
cyclizes to give the compound 62 via the intermediate B. Similar cyclizations 
using a substituted halo-aldehyde and malononitrile are reported in the 
20 literature (88, 89) . Treatment of compound 62 with 

tris (trimethylsilyl)phosphine gives the versatile starting material 2- 
aminophospholine-3-carbonitrile (compound 63). 

25 
30 
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Example 31: Synthesis of the Tube rci din Analog 4-Amino-7- (p-P- 

ribofuranosyl)phospholo- [2 ,3-d3pyrimidine (confound 67). 



5 



10 




67 §i 

15 

Protection of the amino group of compound 63 is effected by the fusion with 
phthalimide to give compound 64, which on glycosylation with 2,3-0- 
isopropylidene-5-O- { ter t-butyldimethylsilyl ) -a-D-ribof uranosyl chloride ( compound 65 ) 
(63), under sodium salt (90) or Phase-Transfer (91) glycosylation condition 

20 gives the corresponding protected nucleoside (compound 66) . Compound 66, on 
successive treatment with 0.1 N aqueous NaOH (to cleave the phthalimido group), 
fusion with formamidine acetate (to ring close) and aqueous trifluoroacetic 
acid (to cleve the TBDMS group and the isopropylidene group) provides the 
tubercidin congener 4-amino-7- (P-I>-ribofuranosyl)phospholo [2, 3-d] pyrimi dine 

25 (compound 67) . 
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Exaaple 32. Syn^* 8 " of 7-Deazainosin e analog 7- (P- D -Ribofuranosyl)i>hos P holo- 
r2,3-d]- pyriinidin-4(3H)-one (comp ound 69). 

Alkaline hydrolysis of confound 66 under nonoxidative conditions provides 
the amino-carboxamide derivative (compound 68), which is then cydized with 
triethyl orthoformate, followed by deacetonation under acidic conditions to 
furnish the 7-deazainosine analog (compound 69) . Compound 69 is also prepared 
by deamination of compound 67 (the adenosine analog) with aqueous nitrous acid. 
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Exanple 33, Synthesis of 7-Deazaguanosine analog 2-taano-7- (P-P-riboiuranosyl) - 
phospholo [2 ,3-d]pyrimidin-4 (3H) -one (compound 72) . 




In a similar manner to that set forth in Example 6, compound 68 is converted to 
the 7-deazaguanosine analog (compound 72) by a conventional four-step reaction 
25 sequence via the thioureido intermediate, compound 70a. 
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Example 34. Other nucleoside derivatives of Adenine and Guanine analogs 



(compound 74 and compound 77) . 



5 




63 73 74 



10 




R is a carbohydrate moiety 

The nucleoside analogs include those species which contain modifications 
of the carbohydrate moiety, for example, wherein one or more of the hydroxyl 
20 groups are replaced with a hydrogen, halogen, a heteroatom, amines, thiols, and 
the like. In certain embodiments of the new compounds, the pentose moiety is 
replaced by a hexose and the stereochemistry of the carbohydrate carbons can be 
other than that of i>ribose. Nucleosides as defined herein are prepared as 
described in Examples 9 and 14. 

25 
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Ex a mp le 35. Sangivainycin Analog of P-Substituted Deazaphosphole (compound 84) . 




Synthesis of sangivamycin analog in which phosphorus is a component of the 
pyrrole moiety is accomplished using appropriate furan. Based on 

chloroacetaldehyde precedent (92), a 2, 3, 4-trisubstituted furan {compound 79) 
is generated. The key substrate that is used for the synthesis of compound 79 
is methyl chlorof ormylacetate (compound 78) and is prepared as previously 
described (93, 94). Treatment of malononitrile with compound 78 in aqueous 
solution containing NaOAc at reflux temperature (94) to give methyl 2-amino-3- 
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cyanofuran-4-carboxylate (confound 79) . 0->P conversion of compound 84 to 
obtain compound 80 is effected with tris- (trimethylsily)phosphine (TTP) in the 
presence of naked fluoride ion in boiling toluene. The amino group of the tri- 
substituted phospholine (compound 80) is protected with phthalimide group to 
obtain compound 81, which on glycosylation with 2, 3-0-isopropylidene-5-O- ( tert- 
butyldimethylsilyD-a-D-ribofuranosyl chloride, under the stereospecific sodium 
salt glycosylation conditions (90) yields the key intermediate compound 82. A 
removal of the blocking groups by the treatment with a weak base provides 
methyl 2-amino-3-cyano-l- (2, 3-O-isopropylidene-p-D-ribofuranosyl) phospholine-4- 
carboxylate (compound 83) . Ring 'closure' of this o-aminonitrile (compound 83) 
by the conventional procedure provides the sangivamycin analog compound 84. 

Example 36. Toyocamycin Analog of P-substituted Deazaphosphole (compound 86) . 




84 85 86 

Selective acetylation (96) of sugar hydroxyls of compound 84 by the treatment 

with acetic anhydride in the presence of 4- (dimethyl amino) pyridine (DMAP) at - 

25 °C and subsequent dehydration of the carbamoyl group with phosgene (95) gives 

compound 85. Careful deacetylation of compound 85 with methanolic ammonia at 0 

°C or with aqueous sodium bicarbonate (97) affords the toyocamycin analog of P- 

substituted deazaphosphole (compound 86) . 
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Example 37, Thi osanqlvamycin 



and Related Analogs of P-substituted 



20 



25 



30 



Deazaphosphole (compound 87) 




NH 2 X 




HO OH 

10 

87 

X = S l NH,NOH.etc. 

Treatment of toyocamycin analog (compound 86) with hydrogen sulfide gas in dry 
pyridine in the presence of triethylamine at room temperature provides the 
15 thiosangivamycin analog (compound 87, X = S) . Similarly, compound 86 is 
converted into the corresponding carboxamidine (compound 87, X » NH) and 
carboxamidoxime (compound 87, X « NOH) by the treatment with liquid 
ammonia /ammonium chloride and hydroxyl amine, respectively. The carbonitrile 
function of compound 86 is also available for further transformation reactions. 



Exaaple 38. P-substituted Deazaphosphole Analogs Related to 7-Deazainosine 
(compound 89) . 



AcO 




a) X = 0 

b) X=S 

c) X = NH 

d) X=NOH 
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Intermediate confound 4-amino-7- (2, 3, 5-tri-O-acetyl-p-O-ribofuranosyl) phospholo- 
12, 3-d]pyrimidine-5-carbonitrile (compound 85) from Example 36 may be 
deaminated with aqueous nitrous acid (98) to form the intermediate compound 7- 
(2, 3, 5~tri-Oacetyl-p-D-ribofuranosyl) -4 (3tf) -phospholo[2, 3-d] pyrimidine-5-carbonitrile 
5 (compound 88) . Since the carbonitrile function of compound 88 is highly 
reactive toward nucleophilic substitution displacement reactions (99) , a 
variety of 5-substituted~4 (3H) -phospholo [2, 3-d]pyrimidine nucleosides is 
prepared. Thus, oxidative hydrolysis of compound 88 by the treatment with 
NH 4 OH/H 2 0 2 at room temperature (97) forms 7- (P-D-ribofuranosyl) -4 (3ff) - 

10 phospholo [2, 3-d] pyrimidine-5-carboxamide (compound 69a). The corresponding 5-' 
thiocarboxamide (compound 89b) is obtained by treatment of compound 88 with H 2 S 
in dry pyridine in the presence of tri ethyl amine. A facile conversion of the 
nitrile function of compound 88 is also accomplished using the procedures 
previously employed in our laboratory (100) to obtain compounds 89c (by the 

15 treatment with NH3/NH4CI) and 89d (by the treatment with free NH 2 OH in EtOH) . 



Example 39. Other Nucleoside Derivatives of Toyocamycin and S an ji vamy cin 
Analogs of P-substituted Deazaphospholes (compound 90) . 



20 




OMe 




25 



81 



90 

X=CN, CONH 2 , CSNH 2 
r s a carbohydrate moiety 



The fraudulent nucleosides, 2' -deoxysangivamycin, ara- toyocamycin, arafluoro- 
tubercidin and the like have shown selective activity against HCMV. Therefore, 
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the analogs of the above nucleosides in the P-substituted deazaphospholes 
(compound 90) are prepared analogously. The nucleoside analogs include those 
species which contain modifications of the carbohydrate moiety, for example, 
wherein one or more of the hydroxyl groups are replaced with a hydrogen, 
halogen, a heteroatom (e.g. azido) , amines, thiols, and the like. The pentose 
moiety is replaced • by a hexose. The stereochemistry of the carbohydrate 
carbons can be other than that of IHribose. Nucleosides as defined herein are 
prepared as described in Examples 9 and 14. 

III. Example 40. Synthesis of 2-Azaphosphazoles (1 , 3-Azaphospholo [4 , S-d) — \r- 
triazines and Their Nucleosides) ~ ~" , 
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The synthesis of the compounds in Example 40 proceeds by the direct alkylation 
of the phosphazoline compound (28, from Example 15) with requisite alkyl 
halides or properly protected glycosyl halides in appropriate solvents. In the 
case of glycosyl derivatives, subsequent deprotection of the glycosylated 
5 product under alkaline conditions is required. The alkylated compound 28 on 
further treatment with liquid amonia in the presence of NH 4 C1 at elevated 
temperature and pressure affords the corresponding 4-carboxamidines (compound 
91) , which on treatment with sodium nitrite in aqueous acetic acid furnishs 
various 2-azaphosphazoles (compound 92) . 

o . , 

Exanple 41. Synthesis of 2-Azaphosphazolones Related to 2-Azainosine 



15 




R = a carbohydrate moiety 



20 Compounds 92 (from Example 40) on deamination with aqueous nitrous acid 
produces 2-azainosine analogs (compound 94), which can also be prepared by 
ring-annulation employing amino-carboxamide compound 93 under stronger acidic 
conditions (6N HC1) and low temperature (-2b °C) (101). 

25 IV. Synthesis of B-Azaphosphazoles (1 ,3 ,2-Diazaphospholo [4 , 5- dlpvrjjrddines 
and Their Nucleosides) . 

The isolation cf Pathocidin (8-azaguanine) from natural sources (102, 
103) together with the observed array of biological activities (68, 104) 
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generated tremendous interest in the synthesis of 8-azapurine nucleosides. The 
synthesis of 8-azaphosphazole nucleosides is of biological interest. 



Exarple 42. Synthesis of 8-Azaadenosine analog 4-Amino-l- (fl-P-rikofuranosyl) - 
5 l,3,2-diazaphospholo[4 , 5-d3pyrimidine (compound 100) . 



10 



15 




20 Reaction of di ami nomaleonit rile with hexamethylphosphorus triamide in anhydrous 
acetonitrile gives the key starting material 4, 5-dicyano-l, 3, 2-diazaphospholine 
(compound 95) (105) . Glycosylation of the sodium salt of 95 with the a- 
halogenose 2, 3-0-isopropylidene-5-0- ( tert-butyldimethylsilyl) -a-D-ribofuranosyl 
chloride (63) in acetonitrile furnishs the protected nucleoside, compound 96, 

25 as the only product, since N-l and N-3 being symmetrical. Deprotection of the 
carbohydrate moiety with aqueous trifluoroacetic acid gives 1- (0-0- 
ribofuranosyl) -1, 3, 2-diazaphospholin-4, 5-dicarbonitrile (compound 97) . 

Treatment of compound 97 with 1 equivalent of sodium methoxide in methanol at 
room temperature results in the formation of the imidate ester, compound 98, 
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regiospecifically . Similar regiospecific formation of the imidate ester from 
4, 5-dicyano-l- (2, 3, 5-tri-0-benzoyl-p-!>-ribof uranosyl) imidazole has been 

documented (106). In analogy to the imidazole chemistry (106), when compound 
98 is treated with 5% sodium hypochlorite solution, 5-amino-l- (P-0- 
5 ribofuranosyl)-l,3,2-diazaphospholine-4-carbonitrile (compound 99) is produced. 
This reaction may proceed by the elimination of CH3CI from the initially formed 
JY-chloro derivative of compound 98. Such Beckman type rearrangement of an N- 
chloroimidate has been documented (107). Ring closure of compound 99 with 
diethoxymethyl acetate in the presence of ammonia gives the 8-azaadenosine 
10 analog, . 4-amino-l- ( j3-I>-ribof uranosyl ) -1 , 3 , 2-diazaphospholo [ 4 , 5-d] pyrimidine 
(compound 100) . 

Exanple 43. Synthesis of 8 -Phosphainosine , 1- (p-D-Ribof uranosyl) -1,3,2- 
diazaphospholo [4 , 5-d]pyrimidine-4 (5H) -one (compound 102) . 

15 




Hydrolysis of compound 99 with aqueous NaOH at room temperature produces 5- 
amino-l- (P-0-ribof uranosyl )-l, 3, 2-diazaphospholine-4-carboxamide (compound 101) , 
25 which on further treatment with diethoxymethyl acetate in the presence of 
ammonia gives 8-phosphainosine (compound 102) . Compound 102 can also be 
prepared by the deamination of the adenosine analog, compound 100, with aqueous 
nitrous acid. 
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Example 44. Synthesis of 8-Phosphaguanosine , 6 -Ami no- 1- (fl-I>-ribofuranosyl) - 
l,3,2-diazaphospholo[4 , 5-d]pyrimidin-4 (5H)-one (compound IPS) . 
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Isopropylidenation of compound 101, followed by conventional four-step reaction 
sequence via the 5-thioureido intermediate {compound 103), as described in 
Example 26, yields the 8-phosphaguanosine analog (compound 105) . 



Exanple 45. Other nucleoside derivatives of 8-Phosphaadenine and 8- 
Phosphaguanine (compound 107 and compound 109) . 
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R is a carbohydrate moiety 
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The nucleoside analogs include those species that contain modifications 
of the carbohydrate (sugar) moiety, for example, wherein one or more of the 
hydroxyl groups are replaced with a hydrogen, halogen, a heteroatom (e.g. 
azido) , amines, thiols, and the like. The pentose moiety can be replaced by a 
5 hexose. The stereochemistry of the carbohydrate carbons can be other than that 
of 0-ribose. Nucleosides as defined herein are prepared as described in 
Examples 9 and 14. 

Table 1 provides a list of preferred embodiments of the phosphazoles of 
the present invention that are suitable for use as pharmaceutical agents. 

10 The number in parentheses beside each compound indicates the Example Number 
where its manner of synthesis is described. The "T" numbers, such as T70241, 
T70242, T70245, T70254, T70256, T70262, T70268, etc. indicate proprietary 
reference numbers of preferred embodiments for which physical characteristics 
are denoted in the corresponding experiments. Efficacy and non-toxicity of 

15 representative compounds of the present invention are shown in the following 
examples, and in Tables 2 and 3 and Figures 1-9. 

The adenine analog phosphazole (compound 10, T70241) was assayed for 
activity against the cytokines TNFa and IL-lp. The effect of T70241 on LPS- 
stimulated TNFa production was assessed in both THP-1 cells and human PBMC 
20 cells in culture. The results of these assays are presented in the following 
examples and in the Figures referred to therein. 

Example 46. Inhibition of TNFa by the Adenine Analog Phosphazole (T70241) 
Cell line. THP-1 cells (human monocyte) were maintained in RPMI 1640 medium 
25 containing 25 mM Hepes buffer, 2 mM L-glutamine, 50 units of penicillin per 
mL, 50 ug of streptomycin sulfate per mL, and 10% heat-inactivated fetal 
bovine serum (FBS) in a humidified incubator containing 5% C0 2 ♦ The cells 
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were split 1:4 weekly as recommended by the American Type Culture Collection 
(ATCC) • 

TNFa assay. Varying concentrations of the test . compound or control 

compound were added to THP-1 cells plated at a density of 1 x 10 6 cells/mL in 
5 600 uL of 10% RPMI in a 48 well plate.- After one hour the cells were 
stimulated with 0.5 ug of lipopolysaccharide (LPS; Sigma, lot number 
43H40491) per mL. Six hours post-stimulation supernatants were collected and 
assayed for TNFa or IL-lp production using a commercially available cytokine 
detection ELISA (Enzyme Linked Immunosorbent Assay) kit according to the 

10 suppliers instructions. A suitable assay kit may be obtained from Biosource, 
or R and D systems. A novel xanthine analog, HWA-3138, having the structure 
(as shown below) was used as the control compound (30) in this study to 
monitor the response of the THP-1 cells. Xanthine analogs are known 
' inhibitors of TNFa but not IL-ip. In the following experiments compound HWA- 

15 3138 was used as a positive control. 




20 

HWA-3138 

Cytotoxicity Analysis . The cytotoxicity of the compounds were assayed 

using the CellTiter 96™ Aqueous Non-Radioactive Cell Proliferation (MTS) 
Assay kit obtained from Promega {Madison, WI) following the instructions 
25 provided by the supplier. The viable cell number was determined by trypan 
blue staining and cells (THP-1) were resuspended in PRMI supplemented with 

63 



WO 99/08688 



PCT/US98/16828 



10% FBS (GIBCO) . Eighty microliters of cell suspension (1.7 x 10 4 cells/well) 
was dispensed onto a 96-well microtiter plates. At this time 20 uL of drug 
(or control) was added to appropriate wells. Each concentration was assayed 
in quadruplicate. The plates were incubated at 37 °C in a humidified 5% C0 2 
atmosphere for 4 days and MTS assay sample- was graphed for each concentration 
and the data obtained was used to calculate TC 50 (the concentration of the 
compound necessary to inhibit the cell growth by 50%) for each compound. 

Figures 1A shows the toxicity of compound T70241 in THP-1 cells. In 
this Figure, the concentration of compound T70241 added is plotted against 
the observed percent of THP-1 cells surviving after 4 days incubation. Even 
the highest concentration of compound T70241 tested, 1 mg/mL, had no toxic 
effect on the THP-1 cells. In fact, not only is T70241 non-toxic to THP-1 
cells, it stimulates THP-1 growth at higher concentrations, as shown in 
Figure 1A. These results demonstrate that the biological activity of 
compound T70241 obtained in the subsequent experiments are not influenced by 
toxicity. 

Figure IB is a graph showing the percent inhibition of TNFa production 
obtained at each concentration of compound T70241. From Figure IB, 50% 
inhibitory concentration (IC 50 ) of T70241 was calculated to be about 23. 9 
ug/mL. 

Referring now to Figure 2, a dose response graph is provided showing 
the anti-TNFa activity of compound T70241 compared to a control, the HWA-3138 
xanthine analog, and to another phosphazole compound T70254. Certain 
xanthine analogs, such as HWA-3138, are known inhibitors of TNFa and are 
currently used as the standard compounds to measure the effectiveness of any 
given anti-TNFa compound. The data plotted are the results obtained by 
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monitoring the level of TNFa in culture medium 6 hours post-stimulation of 
THP-1 cells with LPS, At concentrations as little as 10 ug/mL, T70241 
inhibits TNFa production in these cells better than the control xanthine 
compound. The control compound, a xanthine analog HWA-3138, provided no 
inhibition at concentrations of 10 and 1O0 ug/mL, whereas the phosphazole 
compound T70241 yielded about 25% and 90% inhibition at the same 
concentrations . 

Time of Addition . Varying concentrations of test or control compounds were 
added to THP-1 cells (1 x 10 6 cells/mL) at different time points post- 
stimulation using 0.5 ug of LPS (Sigma, lot number 43H40491) per mL in 300 uL 
of 10% RPMI in a 48 well plate. Six hours post-stimulation supernatants were 
collected and assayed for TNFa or IL-lp production using a Biosource cytokine 
detection ELISA (Enzyme Linked Immunosorbent Assay) kit according to the 
supplier's instructions. As shown in Figure 3, even if compound T70241 is 
added to cultures 5 hours post-LPS stimulation, the phosphazole analog is 
still able to significantly reduce the level of TNFa in the culture medium 
one hour later, i.e., at 6 hours post-LPS stimulation. Although this 
property is not unique to compound T70241, it clearly shows that T70241 does 
not interfere with LPS. 

The membrane bound TNFa was separated from the free TNFa in the culture 
medium at 6 hours post-LPS stimulation as follows: The corresponding cells 
were centrifuged at 3500 rpm (-1,000 x g) for 6 min. The supernatants were 
removed and the cell pellets were then resuspended in 200 uX of 0.25 mM Tris- 
HC1 (pH 7.4). The cell associated TNFa was prepared by freezing the cell 
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suspension in dry ice/ethanol and thawing at 37 °C three times with Vortexing 
in-between freeze-thaw cycles. Each cycle was 4-5 min apart. 

Figure 4 shows the level of membrane bound (intracellular) and free 
(extracellular) TNFa present in cells or in the culture medium 6 hours post- 
5 LPS induction for cultures treated with compound T70241. As seen from the 
data, compound T70241 is able to reduce the levels of both cell associated 
and free TNFa. At the lowest concentration tested, TNFa is reduced by about 
50% and 30%, respectively, in the extracellular and membrane-bound fractions. 
Although this finding is not unique to compound T70241, . it suggests that 
10 compound T70241 is acting inside the cell and the observed reduction in TNFa 
production in supernatants represents the actual inhibition of TNFa 
expression. 

To determine the long-term effects of phosphazole compound T70241 on 
TNFa production after a single treatment, THP-1 cells were pre-incubated 

15 with T70241, washed and resuspended in drug free medium. The xanthine analog 
HWA-3138 was used as a control. The results of this study are presented in 
Fioure 5. Compound T70241 was able to inhibit TNFa production in a dose 
dependent fashion for 72 hours after the drug removal as shown in Figure 5A. 
The xanthine analog HWA-3138 produced a similar effect but at much higher 

20 drug concentration as shown in Figure 5B. 

Exaztple 47. Inhibition of IL-10 by Adenine Analog Phosphazole 

THP-1 cells were cultured and IL-ip inhibition assays were conducted as 
described for TNFa in Example 4 6, except a commercially available IL-ip assay 
25 kit, obtained from R and D Systems, Minneapolis, MN , was used instead of the 
TNFa kit. 
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Figure 6 shows the dose response profile obtained for the phosphazole 
compound T70241 when tested for its ability to inhibit IL-ip production. The 
T70241 compound is graphed with comparable data for the T70254 phosphazole 
and the xanthine analog HWA-3138 control. The control compound HWA-3138 does 
5 not inhibit IL-iP production at the concentrations tested, i.e., 10-250 ug/mL. 
As seen in Figure 6, the adenine analog phosphazole (T70241) is able to 
inhibit IL-ip production at concentrations in the range of 50 to 100 ug/mL. 
The IC 50 for T70241 in this experiment was calculated to be 38.76 ug/mL. 
These results suggest that compound T70241 ...and_ the xanthine analog HWA-3138 

10 exhibit different mechanisms of action. 

In "time of addition" studies, shown in Figure 7, it can be seen that 
T70241 must be added within 1 to 2 hours of LPS induction of IL-lp in order to 
produce a dramatic reduction in IL-10 production at 6 hours post stimulation, 
which is different from the results obtained for TNFa inhibition by T70241. 

15 In those studies, the phosphazole compound T70241 could be added as late as 5 
hours post-induction of TNFa and still sharply inhibit the amount of cytokine 
in the culture at 6 hours post induction (as shown in Figure 3) . 

With reference now to Figure 8, for each concentration of T70241 
tested, the membrane bound IL-ip was separated from the IL-ip found free in 

20 the culture medium at 6 hours post-LPS stimulation as described in Example 46 
for TNFa, and the percent inhibition of each fraction was graphed. Compound 
T70241 was found to reduce both the cell-associated (intracelluar) and the 
free (extracellular) IL-ip, similar to the results shown for inhibition of 
TNFa (shown in Figure 4). 

25 The phosphazole T70241 was further evaluated for its activity against 

IL-IP in PBMCs stumulated with LPS and aliquotes collected after 4, 24 and 48 
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hour post-stimulation. The results of this study are compiled in Table 3. 
Compound T70241 inhibited IL-ip up to 48 hour in a dose dependent fashion 
(Table 3) . In the same experiment we show that cell viability was not 
affected after 4 8 hours of exposure to compound T70241. 

Ex«S>le 48. Anti-HCMV Activity of Adenine Analog Phospha zole T70241 

The adenine analog phosphazole (compound T70241) was assayed for 
antiviral activity using a HCMV plaque reduction assay, in accordance with 
known methods such as that described in U.S. Patent No. 5,446,045. 

Cell Culture. Vero (African Green Monkey kidney cells) and MRC-5 (diploid 
Human Embryonic Lung fibroblasts) cells were obtained from the American Type 
Culture Collection (ATCC) and were grown in minimal essential medium (MEM) 
with Earl's salts and glutamine (GIBCO BRL, Life Technologies, Inc.) with 10% 
heat inactivated fetal bovine serum (GIBCO BRL) and penicillin (100 
ug/mL) /streptomycin (100 ug/mL) . 

CMV Cytopathic Effect (CPE) Assay. Assays were performed essentially as 
described by Lewis et al . (Ill), which report is incorporated herein by 
reference. MRC-5 cells (100,000 cells/well) were seeded in 24-well plates 
overnight. Medium was then removed and wells were rinsed once with 250 uL of 
2% FCS-MEM before adding 40-50 pfu of HCMV (Town strain) to each well. After 
2 hours of virus adsorption, the medium was removed and the cells were rinsed 
once with 2% FCS-MEM. Varying concentrations of the phosphazole compound in 
the culture medium (1 mL) was then added to appropriate wells and plates were 
incubated for 5-6 days at 37 °C in a humidified 5% C0 2 atmosphere. Each 
concentration was tested in duplicate wells. 
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The extent of the plaque reduction was quantitated by removing the 
media and adding 200 uL of 0.1% crystal violet in 20% methanol to all wells. 
The crystal violet was then removed after 10 min staining at room temperature 
by rinsing in the sink with tap water and the plates dried overnight. The 
plaques were then counted using a Nikon inverted microscope. 

The results of the HCMV assays are given in Table 4 and Figure 9B, 
showing a nearly logrithmic increase in inhibition of virus production over a 
0.01 - 10 ug/mL range of T70241 phosphazole. 

Cytotoxicity Analysis . The cytotoxicity of the compound was assayed using 
the CellTiter 96™ Aqueous Non-Radioactive Cell Proliferation (MTS) Assay 
(Promega) . Briefly, viable cell number was determined by trypan blue 
staining and cells (MRC-5 and Vero) were resuspended in minimal essential 
medium (MEM) supplemented with 10% FBS {GIBCO) . Eighty microliters of cell 
suspension (1.7 x 10 4 cells/well) was dispensed onto a 96-well microtiter 
plates. At this time 20 uL of drug {or control) was added to appropriate 
wells. Each concentration was assayed in quadruplicate. The plates were 
incubated at 37 °C in a humidified 5% C0 2 atmosphere for 4 days and MTS assay 
was performed according to the manufacturer's instructions .The average 
absorbence of the sample was graphed for each concentration and the data 
obtained was used to calculate TC50 (the concentration necessary to give one- 
half maximum growth) for each compound. 

Figure 9A is a plot of phosphazole (T70241) concentration versus 
percent MRC-5 cells surviving. The data shows that compound T70241 has a 
slight toxic effect on growing MRC-5 cells over a four day period, with a 
Tc 50 >50 ug/mL. As noted above, at the same time compound T70241 is able to 
inhibit the number of HCMV induced plaques in static MRC-5 cultures over a 5 
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to 6 day assay (Figure 9B) with a 50% inhibitory concentration of (IC 50 ) of 
approximately 8.25 uq/mL. This selective activity is very encouraging for the 
application of phosphazole derivative candidate drugs for the treatment of 
HCMV. 

5 

HSV-1 and BSV-2 Assay. 

Cell lines. The routine growth and passage of Vero cells were performed 
in monoloyer cultures using minimal essential medium (MEM) with either Hanks 
(MEM (H) ] or Earle [MEM (E) ] . salts supplemented with 10% calf serum, 100 U/mL 
10 penicillin G, and 100 ug/mL streptocycin . Cells were passaged at 1:2 to 1:10 
dilutions by using 0.05% trypsin plus 0.02% EDTA in a HEPES buffered salt 
(HBS) solution. 

CPE assays. Vero cells were plated at 4 x 10 4 cells/well in a 96-well 
microtiter dish in 0.1 mL of culture medium 24 hours before infection with 

15 virus at an MOI of 0.001. The virus was allowed to adsorb to the cells for 
10 min at 37 °C. The virus-containing medium was then removed, and the cells 
were rinsed three times with fresh medium. Finally, 100-nL aliquots of fresh 
medium containing the various dilutions of test compounds were added to each 
well. Plaques were observed 2 4 hour post-infection, and the degree of CPE 

20 was scored 40 to 48 hour post-infection. ACV (acyclovir) was used as a 
standard in all HSV assays. 

Several of the phosphazole compounds were assayed for their ability to 
inhibit HSV-1 and HSV-2 production in vitro. Only compound T70269 was active 
against HSV-1 and HSV-2 with IC 50 values of 2.75 and 27.75 ug/mL, respectively 

25 (Table 4) . All the compounds tested wer^ rel?t.ively nontoxic and ganciclovir 
(DHPG) and acyclovir (ACV) were used as controls in these assays. 
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Example 49. Enzymatic hydrolysis by adenosine deaminase . Adenosine 
deaminase (ADA, adenosine aminohydrolase, EC 3.5.4.4, SIGMA) from calf 
intestinal mucosa was prepared to give a stock of 1 mg/mL (250-280 units/mL) 
in pH 7.4, 0.01 M phosphate buffer. The relative rates of hydrolysis of 
5 selected compounds by ADA and characterization of the products was carried as 
follows. Briefly, 0.05-0.1 units of ADA was added to 1.0 mL of a 50 uM 
solution of a given compound in pH 7.4, 0.01 M phosphate buffer and incubated 
at 37 °C. Fif ty-microliter aliquots were taken at time intervals and 
hydrolysis^was quenched by mixing with 0.45 mL of -distilled water and then 

10 the diluted sample was heated at 95 °C for 6 min to ensure enxyme 
deactivation. The decrease in substrate concentration and the formation of 
the products was followed over time by UV-spectroscopic analysis. Adenosine 
was used as a control in this experiment and one unit is defined as the 
amount of ADA that hydrolyzes 1.0 umol of adenosine/min at 25 °C. 

15 Adenosine deaminase (ADA) is a ubiquitous catabolic enzyme present in 

many animal and human tissues (112) . In addition to converting adenosine to 
inosine, this enzyme catalyzes the hydrolysis of numerous 6-substituted 
purine nucleosides to inosine and guanosine analogs (113) and most adenosine 
analogs active in vitro usually become inactive in vivo due to ADA 

20 hydrolysis. Based on these observation we subjected compound T70241 (the 
adenine analog) to ADA hydrolysis in vitro using commercially available, 
purified anzyme. UV spectra of T70241 remained unchanged up to 5 hours in 
the presence of ADA. At the same time adenosine, used as control in this 
experiment, was hydrolyzed at the rate of 1.0 umole/unit per min at 25 °C. 

25 These results suggest that compound T70241 is not a substrate for ADA. 

Primary cell assays. Primary human peripheral blood mononuclear cells 
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(PBMCs) were isolated as described by Ojwang et al . (114). Isolated 
monocytes were added to 24-well cluster plates (Costar, Cambridge, MA.) at a 
concentration of 1 x 10 5 viable cells per well. Culture medium or test 
material dilutions in culture medium were added to the wells, the plates were 
then incubated at 37 *C for one hour. " TNFa production was subsequently 
induced by stimulation with 100 ug/mL (final concentration) of LPS (Lot Number 
20126F) obtained from Sigma, St. Louis, MO. The plates were incubated an 
additional 4, 24 or 4 8 hours. The supernatant fluids were then harvested and 
centrifuged to pellet _cells or,, cellular debris, and the supernatant ' fluids 
were stored at -70 °C until they were assayed for the presence of TNFa using 
a commercially available ELISA kit, such as that described in Example 46. 

The effect of compound T70241 on LPS-induced TNFa production in primary 
human blood cells (PBMCs) is shown in Table 3. PBMCs are a mixed population 
of cells which are considered to be involved in the inflammatory responses 
due to high levels of TNFa or IL-ip at the inflammation sites. Experiments 
performed in PBMCs closely mimic the in vivo situation and based on this 
observation we evaluated compound T70241 in this system. These data show 
that compound T70241 is able to significantly reduce the levels of TNFa 
production in the PBMCs even 4 8 hours post-LPS induction. The level of 
measurable toxicity in these cells is minimal at the 4 8 hour time point. 
Also shown is the percent viable cells after 48 hours of exposure to T70241 
in the medium. The fact that compound T70241 inhibited both TNFa and IL-ip in 
PBMCs is very encouraging to pursue the development of such novel class of 
compounds . 
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Example 50. Inhibition of TNFa by Pentane Stabs titu ted Adenine Analog 
Phoaphazole (T70254) 

5 THP-1 cells were grown and the T70254 phosphazole compound (N-l pentyl 

derivative of T70241) was assayed for its effect on TNFa production in the 
same manner as described in Example 4 6 for the T70241 compound. The results 
of the TNFa assay is presented in Figure 2, along with the comparable results 
for the xanthine analog (HWA-3138) and the T70241 compound. The N-pentyl 
10 substituted phosphazole (T70254) significantly inhibits TNFa production in 
. THP-1 cells when -introduced 6- hours after induction with LPS, showing 

approximately 30% inhibition at 10 ug/mL and approximately 55% at 100 ug/mL. 

Pharmaceutical Compositions 

15 Certain embodiments of the present invention provide pharmaceutical 

compositions in which the active ingredient comprises an effective amount of 
one or more of the phosphazoles disclosed herein, or a suitable salt thereof, 
along with a pharmaceutical^ acceptable carrier and any other compatible 
therapeutic ingredients. In practical use, the inventive pharmaceutical 

20 compositions are prepared according to conventional pharmaceutical 
compounding techniques and the carrier may take a wide variety of forms 
depending on the form desired for administration, e.g., oral or parenteral. 
In preparing the compositions for oral dosage form, any of the usual 
pharmaceutical media may be employed, such as water, glycols, oils, alcohols, 

25 lipids, flavoring agents, preservatives, coloring agents, and the like in the 
case of oral liquid preparations. In the case of aerosols, surfactants for 
delivery through mucosal membranes. In the case of oral solid preparations, 
carriers such as starches, sugars, microcrystalline cellulose, diluents, 
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granulating agents, lubricants, binders, disintegrating agents, and the like 
may be employed. Rectal preparations may include carbowax. Additionally, 
the compounds of the present invention are suitable for encapsulation in 
liposomes or for crosslinking with protein carriers and the like. The 
5 pharmaceutical compositions of the present invention may be administered by 
conventional methods such as are usually employed with known nucleo-base, 
nucleoside or nucleotide analogs. 

Certain embodiments of the present invention include methods of 
treating a broad 1 spectrum _ of viral infections in humans and animals-,- 
10 including birds, comprising administering to the subject in need of treatment 
or prevention of a viral infection an effective amount of one of the 
phosphazole compounds or compositions of the present invention. 

Other embodiments of the present invention encompass methods of 
treating a wide variety of cancerous tumors in animals and plants. The 
15 optimum dosages, manner of administration and other variables routinely 
determined when optimizing a treatment regime may be readily determined by 
the clinician as is usually done with other imidizole, azole, deazole or 
triazole based compounds. 

A new class of compounds is disclosed herein, along with the manner of 
20 synthesizing representative examples. Exemplary compounds have- been tested 
for activity as antiviral and antitumor agents by determining their ability 
to inhibit TNFct production or IL-ip production in cells in culture, and to 
reduce the number of HCMV plaques in in vitro culture. Agents that can 
inhibit the production or maturation of TNFa and IL-ip in these different 
25 indications are expected to have excellent therapeutic potential. 
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It is also expected that where existing heterocyclic compounds and/or 
nucleosides/nucleotides are known to have a certain function (for example, as 
a component of a therapeutic composition, a pesticide used in agriculture or 
an industrial reagent) , nitrogen or oxygen atoms within that heterocycle will 
5 be exchanged with phosphorus, using the methods of the present invention, to 
generate a phosphazole analog. Routine testing will thereafter establish the 
relative activity of the phosphazole analog compared to the progenitor 
heterocycle or corresponding nucleoside/nucleotide. A phosphazole analog 
having the desired level of activity may be substituted., for -the conventional 
10 compound to provide an alternative reagent or component with equivalent or 
superior results. 
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Brief Description of the Tables 

Table 1 shows certain phosphazoles arranged by type of heterocycle and by 
type of substituent, correlated with their compound numbers used in the 
examples . 

Table 2 shows the inhibition of TNFa and IL-10 production in THP-1 cells 
stimulated with lipopolysaccaride (LPS) by certain phosphazoles, as well as the 
cytotoxicity of the corresponding compounds on THP-1 celis. 

Table 3 shows the inhibition of TNFa and IL-lp production in PBMCs 
stimulated with LPS by the adenine analog, compound 10 (T70241), as well as the 
viability of the cells in the presence of T70241. 

Table 4 shows anti-HCMV, HSV-1 and HSV-2 activity as well as the 
cytotoxicity in vitro of certain phosphazoles. 
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CLAIMS 

What is claimed is: 

1. A phosphazole. 

5 

2. A compound comprising a substituted or unsubstituted nucleo-base or 
analog thereof and having a 5-member heterocyclic ring, said ring comprising 
a phosphorus heteroatom, 

i.o . ... . • • ■ 

3. The compound of claim 2 wherein said nucleo-base and said 5-member ring 
together are a pyrimido phosphazole. 

15 

4. The compound of claim 3 wherein said heterocyclic ring further comprises 
at least one N, and a glycosyl moity is joined to one of said N atoms of said 
5 member heterocyclic ring. 

20 

5. The compound of claim 3 wherein a glycosyl moity is joined to the P atom 
of said 5 member heterocyclic ring. 
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The compound of claim 3 having the structure 
C 

wherein 

A is H, NH 2 , O t Sor CI; 
Bis H, NH 2 , orO; and 
Cis H, 

-(CH 2 ) 4 CH 3 

-(CH 2 ) 5 CH 3 

— CHjCH =CH2 

-CH 2 CH =CHCH 2 CH 3 (cis and trans) 
O 

-Cr^CH =CHCH 2 P{OH) 2 (cis and trans) 

-Cr^CH =C(CH 3 ) 2 

-(CH 2 ) 3 CH 2 OH 

-CH 2 CH =CHCH 2 OH 

~CH 2 CH=C(CH 3 ) 2 



"°^>°J "^Oj H°"Y^7 HO "V^ 



HO 



HO HO 
HO HO OH 



»-Lo Hk-V h °-!^°w 

HO H0 f „ HO 



OH 



H °^J H0 1/^ "^oj HO-^ s> J 



HO nw 



NH 2 
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HO ~\/N HO ~\N HO ~\N HO ~\^ 

^OH ^OH OH HO OH 

HO y q I HO — y q , ?\ 

->0) -V°^ H,N-|-O-T0i 

: HO HO ) ( 

HO OH 

HO ~YN HO ~v°s HO ~v°s H0 VN 



HO 


N / ho f f 


HO OH 












l~\ ho' ^° OH 
HO OH " u 


or HO- 


» ° 



HO 



7. The compound of claim 6 wherein A is NH 2 , B is H, C is H and D is H, 

8. The compound of claim 6 wherein C is -ribosyl, -deoxyribosyl 
-dideoxyribosyl, or a cyclic ribotide. 
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The compound of claim 3 having the structure 
A 



C 



3 wherein 

A is H, NH^O.Sor CI; 
B is H, NHj, or O; and 
Cis H, 

-(CH^CH, 
-(CH 2 ) 5 CH 3 
10 -CH2CH=CH 2 



-CH 2 CH =CHCH 2 CH 3 (cis and trans) 
0 

-CH 2 CH =CHCH 2 P(OH) 2 (cis and trans) 
-CH 2 CH =C(CH3) 2 
— (CH 2 ) 3 CH 2 OH 
-CH 2 CH=CHCH 2 OH 
-CH 2 CH=C(CH 3 ) 2 

H °-[^°J HO "\-°v7 H °-^ HO i^i 

HO HO 

^-^o 7 H °~l^l H °"V°y 

HO HO OH 

OH 

HO -V^ ho-^ Sv | ho-^ 0vj / ho-^ Sv j 



HO NH, 



NHj 
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HO—k o 1 H0 V I HO V | HO ~\ ^ 



'-OH ^OH OH HO Ol 

HO~n o I HO — y 0 . ?\ 

HO HO ) ( 



HO OH 



H °-y°^ ho "y^ H0 ^°x| H0 ^°x| 

HO n/ HO F F 



HO-% _ , 
HO OH 




H0 ^^ 










HO OH 


ho' ° » 


o 
II 

Of HO ~^ K 
HO 


O 





0. The compound of claim 9 wherein C is -ribosyl, -deoxyribosyl, 
dideoxyribosyl, or a cyclic ribotide. 
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11. The compound of claim 3 having the structure 




wherein 



A is H, NHj, O, S or CI; 
B is H or NH 2 ; 

X 

D is H, CN or ^Jj^ 



NH 2 wherein X is O, S, NH, NOH 



and C is H, 

-(CH 2 ) 4 CH 3 

-(CH 2 ) 5 CH 3 



-CH 2 CH =CH 2 

-CH 2 CH=CHCH 2 CH 3 (cis and trans) 
O 

— CHjCH =CHCH 2 P(OH) 2 (cis and trans) 
-CHjCH=C(CH3) 2 
— (CH 2 ) 3 CH 2 OH 
-CH 2 CH =CHCH 2 OH 
-CH 2 CH=C(CH 3 ) 2 

HO-, o / HO-i _o / HO-, _ / HO- 



HO 



V 7 

HO 



HO 



HO- 



J 
S 



HO OH 
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ft " I ft 

H °-i-°-o' 

OH 



H0_ U-K/ H °^ S J H9 "\W H °-^ Sv J 

H0 NH 2 NHj 

HO-^nj "°-\^ H0 "Y^I 

'-OH ^OH 0H H0 0H 

HO— v o I HO — i o I ?\ 

HO HO ) ( 

HO OH 

H0 ~Y^ HO ~^0j ho ~y^ H0 ^ < ^ 

HO n/ HO F F 

3 

Ho ^pj H °-\^j ho "y^ 



HO OH 



"°xy "°^a HO_A o 



HO OH 

ft o 

HO 



HO' ° OH 




12. The compound of claim 11 wherein C is -ribosyl, -deoxyribosyl or a 
cyclic ribotide. 
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13. The compound of claim 3 having the structure 
A 



15 



20 



25 



N T 
c 

5 

wherein 

A is H, NHj, or 0; 
B is H or NHj! and 
C is H, 

10 -<CH 2 ) 4 CH S 
— (CH 2 ) 5 CH 3 

-CHXH =CH, 



-CH 2 CH=CHCH 2 CH 3 (cis and trans) 
O 

-CH 2 CH =CHCH 2 P(OH) 2 (cis and trans) 
-CH 2 CH=C(CH 3 ) 2 
— (CH 2 ) 3 CH 2 OH 
-CHjCH =CHCH 2 OH 

Ho n .o. / H0 ^oJ HO ~l^sJ H °-v^A 



>-w H0 -w Ho i^y 

HO HO 

H °l < po / H °~W H °^Y 

HO HO OH 

ff " I ft 

•H^o Ho ~i^y HO ~i^°^o 

HO H0 on H0 



ft 



HO-P^o. 

H0 OH 



90 



WO 99/08688 



PCT/US98/16828 



10 



15 



20 



%K/ HO "yssl HO -U°J "^s^l 

HO NHj Ih 3 

H0 ~A<N HO ~V>l H0 ~\N HO ~\^ 

L-rMJ ^OH HO Ol 



-OH ^OH 
HO — y o . HO— > 0 



OH HO OH 
O 



— \ ^O. I HO— > 0 , || 
HO HO ) \ 



H °^!^ HO ~v^j HO ~y^ ho "\^j 

HO n/~ HO F F 



HO OH 
HO — k o I HO-v o 



"^a HO ~\^ 



K 

HO OH 



O 

I! 



or 



HO 




HO u OH 
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14. The compound of claim 3 having the structure 



10 



15 



20 



c 



wherein 



A is NH* or O; and 
Cis H, 

H °-^0 HO-P^O^ HO-^O^/ 
HO HO ^ HO 

OH 

n II ho— v o i HO— \ 



HO 




HO OH HO 

>_ Y^ HO ~v^ ho ~y^ ho ~y^ 

HO ho n{ ho* 



HO 

HO 



ho ~y^ Ho ^j 

F HO OH 



15. The compound of claim 14 wherein C is -ribosyl, -deoxyribosyl or - 
arabinosyl. 

25 

16. A method of inhibiting TNFa production comprising contacting cells 
expressing TNFa with the compound of claim 3. 
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17. A method of inhibiting IL-10 production comprising contacting cells 
expressing IL-ip with the compound of claim 3. 

18. A method of inhibiting HCMV activity comprising contacting HCMV 
infected cells with the compound of claim 3. 

19. A pharmaceutical composition comprising the compound of claim 3 and a 
pharmaceutical^ acceptable carrier. ... 

20. A method of treating a human pathophysiological condition associated 
with elevated levels of TNFa, said method comprising administering the 
pharmaceutical composition of claim 19 to a patient in need thereof. 
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Effect of T70241 (Compd 10) on TNFa Production 
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Figure 2 



Inhibitions of TNFa Production in THP-1 Cells 6 h Post Induction with LPS. 




m HWA-3138 
H T70241 
T/0254 



Concentration of Compounds (ug/ml) 



SUBSTITUTE SHEET (RULE 26) 



WO 99/08688 



4/12 



PCTAJS98/16828 



Figure 3 



Time of Addition Experiment with T70241(Compd 10) 
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Figure 4 



Effect of Compd T70241 on Extra- and Intracellular Protein 
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Figure 5 A 
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Figure 5B 
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Figure 6 
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Figure 7 
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Figure 8 

Effect of Compound T70241 on Extra- and Intracellular Protein 
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Figure 9A 
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Figure 9B 
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